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PREFACE 



It is now more than eighteen years sinoe the author's little work, 
De PmtibuB, was given to th(' fti^necring profeH,sion, and nearly thir- 
teen years since the second edition of it was issued. In the preface to the 
latter there were indicated ten new chapters for the third edition, the 
author then thinking that these would cover substantially everything 
additional that he would have to say concerning the subject of bridge 
engineering. How erroneous that impression was can be seen by noting 
the titles of the chapters of this book and the number of them, which, by 
the way, is three and a third times as great as the number of chapters in 
the first and second editions of De PonHbuSy and two and a third times 
as great as that for the contemplated third edition. Moreover, the 
average length of the chapters in the new book is about twice as great 
as that in tlic old one, and the total amount of illuslration is some thirty 
times Its large, making the ratio of the volumes of the two contents fully 
seven to one. 

Just afttT the first edition of De Po/tttbus was issued, the author Ix'jijan 
to prepare systematic analyses, digests, and records of all of his work, 
uaiog diagrams whenever feasible; and he has continued that practice 
ever since, with the result that he has gradually accumulated a great 
fund of thoroughly digested and systematized information which has 
proved most valuable, in both office and field, to himself and his associates, 
and which, consequently, ought to be serviceable not only to the engineer^ 
ing profeaaon in general but also to the hi(^er officials of railroads aind 
any others who may be interested in the building of bridges. It has long 
been a dream of the author to give this information to the profession; 
but he has recognised that to do so properly- would involve an immense 
cqienditure of both time and money. However, he believes that it is 
incumbent upon every member thereof to add his mite t-o the sum total 
of professional knowledge in order to repay in some slight measure the 
^^rgt* obligation which the indiviciual owvs to his predecessors for the 
accumulated iuforniation hamled down In them. Only by an all miotic, 
iar^ighted |H>liev of this kind can the profession be advanced to it> {>osi- 
tion of j^eatest usi'fulness and therel>y ricei\c complete recognition of its 
value to siK'iety. An opposite policy would mean an arrested (leveloi> 
ment of prof(>ssional capacity, a gradual deterioration of engineering 
fltandards, and eventual stagnation. 

For eight years after the first issue of De Pontibw the author was 
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workiiip; irndtT suc h high pressure that he could find no time for preparuig i 
the revision of that work as indicated in the preface to its second edition^ j 
then he began to deepair of ever finding an opportunit}' before the mertia 
of advancing j'eare would prevent the accomplishment of the task. Early , 
in 1906, when the partnership of Waddell and Harrington was being ar- 
ranged, one of the first subjects discussed was that of the writing of the 
oontemplated third edition; and there was then outlined what tt should 
oontain. The list of chiqyten grew so rapidly that very soon it was de- 
cided to change the title to ''Bridge Engineering/' and ignore the idea 
of a third editicm of the old book. It was intended that the preparataon 
of the new book should be the jouit work of the new firm, the author 
feeHng then that tiie task would be too onerous for him to undertake 
single-handed. Unfortunately for the book, at least as far as its early 
completion was concerned, the firm developed an exceedingly large and 
impurtaiit practice, umounting at one period, simultaneously in both 
office and field, to some fifteen million dollars' worth of bridge work, so I 
that vor}- little time could Ix' spareti for technical ^Titing. From tim(^ 
to time, however, the author managed to i)repare a few of the chapters^ 
allotted to him; but Mr. Harrington never found it convenient even t<.» 
start on tlie preparation of his share thereof, coiLsequentlx* the progress* 
was slow and unsatisfactory' during the eight years of the firm's existence; 
and a great deal of what the author 8ucc(^ed in writing became stale i 
and antiquate<I, owing to the p rogress that was continually being made 
in the science of bridge building. 

In the summer of 1914, while the author was in Cuba strug^ing with 
the materialisation of a great bridge project, Mr. Harrington announced 
his intention of withdrawing finom the firm; and, of course, the author 
agreed, reserving later the right of twelve months' notice according to 
the terms of the partnership contract. When Mr. Harrington and he met 
about the end of October, it was decided that the author should take over 
the writing of the proposed treatise, but should deal in a general way only 
with the subject of movable bridges, so that Mr. Harrington may some 
day write an exhaitstive and detailed monograph thereon, as he is eminently 
capable of doinii. It is to be hoped that nothing will prevent his under- 
taking :uul coniplrting th(» proix>sed l)<K)k on the liiu s now coiitempiated ; 
for it would certainly l>e a great boon to Itridge builders. 

Had it not Im < n for the Euro|>ean War and the consequent utter paraly- 
zation of bridge engineering due to its baneful influence, not only in 
Europe ]mi also in the United States — and in fact throughout the world 
— this ix)ok could never have l)een written, liecognizing that the in- 
activity in bridge work would probably continue as long as the war lasts, 
and that the end then'of wa^ likely to be remote, the author decided not 
to attempt the disheartening task of endeavoring to secure small business 
for the sole purpose of k('( [)ing occui)ied those of the firm's assistant's who 
had chosen to cast in their lot with him, but to settle down i^rstematicaUy 
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to work on the preparation of the MS. of his book and to continue it 
without cessation until completion. He was not able to make an actual 
start on it untU the first of December, and his assistants were not in shape 
to give him much aid until January or February, owing to the necessity 
for completing the plans of the Pacffic Highway Bridge over the Columbia 
River between Vancouver, Wash., and Portland, Ore., on which the firm 
of Wadddl and Hairingtcm had been retained as engmeers. 

The first step taken was a rearrangement of the chapters and a com- 
bination of certain of them, thus reducing the total number from one 
hundred ami six to eighty without omitting iiu\i:hing but one chapter 
on "Ocean Piers" and the contemplated detailetl treatment of .shopwork, 
sulj!?tituting, though, for the latter a chapter on "Shopwork as Affecting 
Bridge Design." The next step was a drastic one, viz., the rewriting 
jMTsotmlly by the author of some forty chapters, repn^nting his entire 
intermittent labor on tlie book during a period of eight and a half years, 
including all seven of the finished specifications for designing and con- 
struction, which were combined mainly into two chapters, viz., LXXVIII 
and LXXIX. This involved an immense amount of labor; but there was 
taken at the same time a still more drastic step involving much more, 
vis., the changing of the designiiig specificati<ms so as to bring them 
not only up to date but also a trifle ahead of the times. The changes, it 
is true, were no means radical, but they involved live loads, impacts, 
and intensities of working stresses, with the consequence that the old 
record diagrams, considerably over one hundred aXL told, had to be revised 
to meet the conditions of the new i^)eeification8. Their number, however, 
was materially reduced by combination, care being taken not to confuse; 
the us^T tiicreof by any too complicated metho<ls of recording. Many 
new diagrams were also prepantd so as to systematize certain data that 
theretofore had been deemed by the office force too complicated to be 
siisceptible of diagrammatization. All this necessitated extensive labor 
on the part of both the author and his assistants. Again, it was found 
iu^essar>' to make a number of special investigations in order to deter- 
mine certain formula', functioas, and relations previously undeduced or 
else either unsatisfactorily or too approximately established. All this has 
kept very busy eveiybody concerned, the author working regularly eleven 
r r twelve hours per day (except Sundays, when only seven hours were 
utilised) and his assistants from eight to ten hours per day. The prin- 
cipal of these assistants were Messrs. Robert C. Bamett, C.E., Herman 
H. Fox, C.E., Shortridge Hardesty, C.E., N. Everett Waddell, C.E. (the 
author's son and now his partner), and Miss A. C. Humbrock, his stenog- 
rapher. His brother, Robert W. Waddell, C.E., also aided by oompiling 
a portion of the Glossary. The author's preliminary estimate of time re- 
quired for the preparation of the MS. has been exceeded by one hundred and 
fifty per cent, and the anticipated labor and exi)ense have been moi c tium 
doubled. As a matter of interest to thobc engineers who do not indulge 
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in the luxury of technical-lx)ok writing, it niigiit be stated that the total 
cash outlay involved in preparing the MS. for the publisher and in doing 
the proofreading amounts to S13,000, including the money spent by the 
old firm in making a thorough search of engineering literature, which 
expense, of course, the author assumed in taking over the wnting of the 
book. To this amount must be added at kast $10,500 to cover the cost 
of getting out the first thousand copies, making a total expenditure of 
fully $23,500. This cost, perhape. Is excessive for engineering writing; 
and, ol oourae, it could have been materlaUy reduced by the author's 
making many of the computations himself; but such is not his practice, 
for he is a firm believer in the principle that "it is uneoooomical to do 
yourself what you can pay another to do for you." Again, it might be 
observed that to prepare the MS. for such a treatise as this entirely un- 
aided would require all of ten years of the autiior's undivided time and 
attention, and that the book when finished would then not be up to date. 
One of the most difficult tasks encountered has been continually to inject 
into matter deemed to Ix; already complete new imiterial due to the 
latest developments in. enginwring practice, amplifications of ideas pre- 
viously covered quite thoroughly, and additional tables and tlijigraras 
specially prepared so us to bring the treatise not only up to present en- 
gineering practice but also somewhat in advance thereof. 

In wnting this book it has been the author's aim to give to his readers, 
concerning every branch of bridge work, ail the information that he has 
been able to accumulate during a practice of forty years. Nothing of 
any value has been omitted, except such matter as can readily be ob- 
tained from other books; because he never ha.s been a believer in the 
peeudo-economio idea that what has cost much labor and mon^ to dis- 
cover and record should be utilised only for one's personal gsin. On I 
that account there appear for the first time in print all the diagrams of 
weights of metal, quantities of masomy, oosto of constructions, eoonoinie 
functions, etc., that this book contains. 

A3 was the case when De PaiMus was written, it has been the author's ' 
endeavor to keep quite close to his own practice in the methods of bridge 1 
deeigniiig described; but as this work attempts to cover essentially the 
entire field of bridge engineering (excepting only the theor>' of stresses 
and similar matter which can be found in all standard books on bridges) 
wliile De Fordibus did not, it has become necessary in th(^ illustrations to 
include occasionally structures designed by other engineers; and in all 
such cases full credit has been given them. It st^ems hardly necessary, 
but yet may be advisable, for the author to apologize to his readers for 
the characteristically personal style of his writing; and he herev\ith does 
so with the hojx? that he will be pardoned therefor, as he undoubtedly 
was in the case of De PmUiibuB, which was WTitten and illustrated in ex- , 
acUy the same style and manner. The book is intended to be, in a certain 
sense, a record of the author's life work, prepared after a ripe expenaom 
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and l)ofure age has begun to diiiiinisli his (MuTg^- or to deteriorate his 
nuntal capacity. He feels that he has pvon to the profession which is 
so dear to him, and which he uppreciatrs so highly, the best effort of which 
he is capable, trusting that its members will pardon his shortcomings, and 
that they agree that when his time comes to pass on to the beyond, 
he will be worthy of that famous Colorado epitaph, with which he once 
concluded an address to a large body of engineering studeutSi ''He done 
his level damnedest; no angel could do no more." 

Thoee readers who have perused De Pontibus will notice that a por- 
tioii of the contents of that book has been absorbed in this one; but 
eveiything thus utUiaed has been brought up to date. Wheiever any 
changBB seemed advisable they were made^ but otherwise the old text 
was copied vahaltm. This was unavoidable if the new book were to be 
made oooqilete, because there are certain facts and prindples given in the 
old one that are permanent and unchangeable; and it would have been 
a serious mistake to omit them simply because the author had put them 
in print before. He has also quoted freely in certain places from papers 
that he has presented to technical societies, when such papers or portions 
of them expressed exactlj' wluii he desired to state. No aixilogj' for this 
is necessarv'. It will also be noticed that a i)niininent feature of the 
treatise is the comparatively small number of quotations from other writers, 
the author generally preferring to state his own opinions and coneiusions 
dirt ftly. However, when it appeared advisable for him to depart from 
this practice, he did so without liesitation. 

The method of numtxTing the various illustrations and the tables 
soattmd throughout the book needs some explanation. Considerable 
thought was given to the suggestion that all these \w grouped near the 
end there(^ before it was decided to plaoe them in the text as dose as 
psactioable to where they are first mentioned. The method of nomeiib- 
datitre adopted is to give to each illustration or each table the number 
of the chi^iter in which it appears, followed by a letter of the alphabet 
indicating its position in that chapter. Where more than twenty-six 
iUostrations are contained in a sin^ chapter, the letters are doubled, up 
to a total of fifty-two, after which they ftre trebled. Thus Fig. \^ shows 
that the illustration i>ertatns to Chapter XIX and that it is the tenth 
given therein. Similarly, Fig. 55ee denotes that the iUustration thus 
EiaiTi*»d belongs to Chapter LV and that it is the tliirty-first in order. 
Had the number l)een 55ce«, it would have indicated the iiftv-seventh 
illustration of C haptiT LV. Of course, there will nev(T be any need for 
kjiuwiiig the number corresix>nding to th(» lettering, as the latter is in- 
tended only as an aid in finding the location of any required illustration 
or table by turning over quickly the i)ages of the chapter to which it 
belongs. Attention is called to the f;u t that in listing the various illus- 
trations, they have !)een divided into time groups, viz.. "Ordinary Fig- 
itresy" ''Cross-Section Diagrams," and Views." It is thought that this 
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division will aid tlie reader in locating any particular illustratioa to which 
he desires to refer. 

In writing a preface to a technical work, custom decrees that it is 
permissible to state what classes of persons can use it to advantage and 
how; and the author desires to avail himself of that privilege. 

Primarily the book should prove useful to all epgineers who are en- 
gaged dther directly or kdirectly in the designing and building <rf bridgesy 
and eepecially to the younger ones; for not only are the principles of 
design explained and exemplified, but also many practical hints are given, 
which otherwise could come to them only through wide exi>erience. With 
the various tables and diagrams it Is feasible to make quickly a close 
estimate of cost for nearly every kind of bridge and for stnictures of any 
length and size yet attained, no matter what may be the complication of 
traffic that they have to carry. Again, in respect to spans of unpre- 
cedent<Hl weight and length, data arc given for determining, at least ap- 
proximately, the weights of metal requir('<l by the use of alloy steels of 
various elastic limits. Also the j^ractical treatment of secondary-, tem- 
perature, and indeterminate stresses is expounded, as well as are the 
standard methods of computing for deflection and proportioning for 
camber. The general detailing for all kinds of fixed spans is treated in 
connection with the first principles of designing. It is true that the 
special detailing of movable spans is not covered, except incidentally; 
nevertheless the same general principles will apply to these structures. 
The protection of metalwork is dealt with at length, and its Importance 
is emphasized. The practice of the designing and construction of re- 
inforeed-concrete bridges is expkuned very fully, but none of the theoiy 
is given, excepting only a small portion m rdation to certain formula 
that have been establldied in the author's office. All kinds of subetruc^ 
tures are descril)ed and illustrated, sjiecifications are given for their de- 
^ijiiiiii^, and explanations of how, when, and where to adopt the different 
type.s are furnished. The preliminary work antecedent to the actual de- 
signing of bridgt s receives thorough attention in Chapters XLVI to LI, 
inclusive, and also in Chapter LIV. Aesthetics and true economy in 
design are fully discussed in Chapters Ml and LIII. Quantities of ma- 
terials of the various kinds used in bridge construction are given in 
Chapters LV and LVI; and the preparation of estimates, specifications, 
contracts, and reports is treated at length subsequently. In Chapters 
LX to LX\, inclusive, all matters relating to field engineering are covered; 
and the inspection of materials of all kinds is exhaustively discussed in 
Chapter LIX. Busuiess matters relating to eugmeering receive attention 
in Chapters LXXI to LXXV, inclusive; and questions of an ethical 
nature are dealt with in Chapters II, LXXVI, and LXXVII. In Chapter 
LXXVIII are given in complete detail specifications govenimg the de- 
signing of the superstructures for all kinds of bridges, trestles, viaducts, 
and elevated raihoads, together with a dause-uidex at the end for the use 
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of romputers, so as to fiiahlc tlicni to find (niirkly any particular chuise 
n<iuiml. Specifications for tlie designing of substructure are apjx'inlt'd to 
( haptcT XLIII, and specitications for the designing of reinforced-concn'tc 
bridges Nvdl be found in Chapter XXXVII. In Chapter LXXIX are 
compU'to spf'cificjitions governing the manufacture and erection of the 
superstructure, substructure, approaches, and all accessory worlds of 
bridges, trestles, viaducts, and elevated railroads; and in addition thereto 
is a eiause-index that makes the specifications easy to use. By employing 
tbeai in the manner explained, any bright young engineer who has a 
genefal knoiniedge of bridgework mil be able to prepare truly first-class 
ooMtnictloii specifioations, complete in eveiy particular and systematicaUy 
amuDtgedy whea calling for bids upon any dasB of bridgework for which 
the pnfimioary drawings have been made, and quantities of materiate 
eompated. Finally, in Chapter LXXX will be found the most exhaustive 
glowy d technical tenns used in bndgework that has ever been oom- 
piled; and the general indeqc which doses the book is so complete as to 
enable any one to find very quickly any point whatsoevo* that is dealt 
with in the treatise. 

While the work was not prepared as a text-book for engineering stu- 
dents, it is well aiiapted to supplement the standard treatises used in 
the classroom. It would be of value to them as a book of reference; 
and if there were three or four copies in the librar>', thej' would be fouml 
generally irLstnictive on such matters as the history of bridge engineer- 
ing, ethics, materials, loads, intensities, first principles of dt^igning, 
sstheticSy economics, and business, all of which subject.s are treated 
in a manner that is supple and which makes easy reading; consequently 
those students who are studying for the sake of learning and not 
merely to secure a degree with the least possible mental effort would 
lesd such chapters, especiaUy if th^ were advised to do so by their 
instnietots. Again, in the preparation of thesis work and in the making 
of stodenia* designs the more sdid chapters would be found a great 
help, giving, as they do, a vast fund of practical information such as 
the Aw^gpMw* needs. I 

The book shouki be found useful by those hi^er offidals of the rail- 
roads who are not engineers; for the presidents, general* managers, and 
miperintendenti* ought to be able to estimate on the costs of bridges for < 
thiir sj'stems; and they could readily do so by utilizing the diagrams 
given in Chapters LV and L\ I. Besides, tiuic is niuch information of a 
general nature scattered tliroughout the book, wliich would be of interest 
to such men. 

As a boi)k of reference for the genend jniblii', the work sliouid Inid a 
place on the shelves of public libraries, esjHcially in those centri's of popu- 
lation where much bridgework is done, and in those where engineering 
students congregate; and it certainly ought to [irovc useful in the libraries 
of ail univanitieQ, coUcgeSi and technical schools. 

I 
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It is e\nclent, as previously indicated, that this lxx>k of a million words 
with all ite diagrams, tables, and formuIiB could not have been written 
in axteen months by one man working single-handed, no matter how 
laige might be the amount of his accumulated data. On the contrary, it 
wasneoessary to employ constantly a large number of men, all working, of 
course, under the doee personal supervision and direction of the author, so 
as to ptepeae or digest the material needed for his use in writing. To these 
gentlemen, and especially to Messrs. Hardesty, Bamett, Fox, and Everett 
WaddeU, the author is greatly indebted for their faithful and intelligent 
aid and painstaking care; and he herewith tenders them his hearty 
thanks therefor, trusting that the experience they have thus obtained 
in technical-b(X)k wTiting will stand them in good stead in future 
years. He desires sj>ecially to tliank his stenographer, Miss Humbrock. 
for her careful work and unfailing willingness and courtesy in typing 
and ret^-ping the chapters and in modifying tlicm from time to time 
by clianges, hisertioDs, and additions that proved to be necessaiy as the 
work progressed. 

Throughout the book are to be found acknowledgments with thanks 
for aid received from brother engineers, both directly for this treatise and 
through their published works; but the author desires to repeat here his 
thanks to his old friends, Messrs. Henry W. Hodge, Paul L. Wolfel, Albert 
Reichmann, and Hildreth & Company for the trouble th^ took to furnish ' 
certain valuable data for which they were asked. To Dr. Charles Warren \ 
Hunt, Secretary of the American Society of Civil Engineers, are tendered ' 
the author's thanks for his courtesy in having a search made in the Society's 
library for data on a number of subjects. To the Teachnor-Bartberger > 
Company of Kaasas City, which prepared the illustrations, is rendered a 
willing ;i( knowh'dgment of obligation for their excellent work, and espe- 
cially to their Mr. Roger ( 'uiuiingham for much valuable advice as to 
how })est to prepare the dijigrams so lis to obtain fine prints without going 
to the practically prohil)itive exix»iLse of making wax cuts. In preparing 
the Glossiiry of Technical Terms, reference ha^ been nuule to a number 
of illustrations in Prof. Ketchum's invaluable work, "Structural En- 
gineers' Handbook," instead of reproducing them in this already too 
elaborate and expensive treatise. No apology for this peiite Economic is 
necessary, because any engineer who is sufficiently interested in bridge- 
work to warrant his using the s;iid glossary cannot afford to be without 
the said handbook, finally, the author desires to acknowledge his in- 
debtedness to the American Railway Engineering Association (in his 
opinion, the most active and efficient engineering society in the United 
States) for much valuable data taken from its Proceedings. 

In conclusion, the author would state that he considers this book to i 
be the greatest and most important work of his entire professional career, ' 
which has been an unusually busy one; and most certainly he would be 
bitterly disappointed if, for many years to come, it should fail to prove 
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(if great value to the engmeering profession, and especially to the younger 
Bmbers thereof, in whose success he has always taken a deep interest, 
primarily on account of his ax years' association with young men when 
Im ini8 a teacher of en^^eering, and also because of the memory of his 
mm hard struggle to attain professional sucoess. 

J. A. L. WADDELL. 

Kamsas Cmr, Mo., May 17, 1916. 
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CHAPTER I 

EVOLtmON OF BBIDOE ENGIHEERINa 

Today bridge building is truly a science; only three decades back it 
m hardly worthy to ho termed an art; while seventy-five years ago, in 
lur own eoontry at least, it was no better than a trade. Nearly all of 
the impoiiaiii and distinctive features of modem American turidge prao 
ioe have beoi developed withm the memories of eijgmeers still living; 
ind so far aa most lines of bridge construction are ooQcemed, the same 
ratcmenl holds true for European practice as well. But while bridge 
uilding as a learned profession is thus of very recent origm, it must not 
le thought that the previous centuries made no contributions to our 
jnomkdgt of bridge construction; for there arc in existence today bridges 
hat have withstood the ravages of time for over two thousand years, 
ind the recortls of antiquity tell of others built many eenturic s earlier — 
v«»n In^fore the dauTi r)f authentic liistorj'. Hut hrid^f ( n^iiK cr iiiu: readies 
hll farther hack into the past; lor primitive man im\>\ have huilt many 
n>ssin)?s t»ver sliallow streams by piling in rocks for piers and covering 
liem with slabs of stone or logs, t)r by felling trees so as to span small 
!V«TS. However, we must look to still earlier ages for the hecinning — 
ark to the days when our arl)oreal ancestors formed living chains of their 
wn bodies, holding to each other with anns, legs, and tails, thus con- 
irueUng suspension bridges across the water from the overhanging 
rtodies of opposite trees, in order to let their tribe pass over in safety 
I the other side, in the same manner as is still jiractised by their unde- 
ploped descendants who reside today in th(> South American forcstSf 
f abcmn in Fig. la. Assuredly, the aged simian of those bygone times 
ho diracied the construction and operation of such a structure was a 
. 'dge a^neer ia the truest sense of the word as well as a being of high 
teffigeBoe in comparison with his contemporaries. 

From such a beipnning to the present-day achievement of an East 
ivcr aiisp^ nsion bridge or a Quebec cantilever structure is, indeed, a long 
IvMMe; but could we trace the intervening st( ])s of development, we 
ould find that our modem bridge is the cumulative result of the past 
itrta of the bridge constnictor to nwvt the increasing demands on his 
?enuity. To give the reader a better conception and appreciation of 
e mainiitude and character of this advance, and of the factors that 
ve influenced it to a large degree, it is well to review in a brief way 
ch Xacts sm hibtury prcbcuts or that can gleaned from observation 
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of existing structures or the ruins of early ones. From such data it may 
be seen that the evolution of bridge engineering is the resulting combina- 
tion of the evolution of the form of structure, of the materials of con- 
struction, of the methods of design, of the methods of fabrication, and 
of the methods of erection. There has been a collateral development 
along these several lines, and the history of one involves that of the others, 
so that we find it necessary to pursue one line to a certain stage of devel- 
opment and then revert to the beginning and trace out the evolution of 
another branch. Furthermore, as bridge construction has been practised 




Fia. 16. Indian Bridge over the Bulklcy River at Moricetown, B. C. 



contemporaneously in the various parts of the inhabited globe under dif- 
ferent environments, we should naturally expect the early development 
to have gone forward along different lines in these several portions, and 
such we find is the case; hence there ^\ill be an advantage in following 
indejaendently, for a time, each line until it converges with the others. 

Considering first the evolution of the form of structure, we must seek 
for the earliest t>T)es among primitive man in prehistoric times. Of these 
we have, of course, no records and can judge only from the work of sav- 
age races of our own day. Undoubtedly the prototjqie of our present 
beam or girder span was the log or tree felled acrass a stream, while the 
"monkey bridge," or a hanging, looping vine furnished the inspiration 
for the early suspension bridge. That our primeval ancestors may have 
built structun?s of some magnitude may be inferred from two bridges 
constructed by the British Columbian Indians, photographs of which are 
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shown in Figs. 16 and Ic. The fonncr is a view of a cantilever bridge 
across the Bulkley River at Moricctown, about fifty miles above Hazle- 
ton, B. C. The span length is about 75 feet and the height above the 
water about 100 feet. Two poles were pushed out from either side and 
anchored down with heavy stones, and between the opposite ends of the 
two pairs of cantilevered girders thus formed were placed two overlap- 
ping logs all lashetl together with telegraph wire. 

Fig. Ic pictures the Ahwillgate Indian Bridge at the village of Ahwill- 
gate across the same stream about four miles above its junction with the 




Fia. Ic. Indian Bridge over the Bulkley River at Ahwillgate, B. C. 



Skeena River at Hazleton. The span is loO feet in the clear, and the 
height aljove the water is about 200 feet. The structure is entirely of 
Indian design and construction and was at one time a sus|x^nsion bridge, 
the cables for which were made from telegraph wires twisted together. 
The timbers are all round poles lashed to one another with \Nire. There 
are two separate systems of susi)ension: first, from the wooden towers to 
and under a cross-log at the centre of the span; and, second, from the 
said towers to the tops of the vertical posts in the triangles, and thence 
to and under the cross-log just mentioned. The truss in the centre was 
an afterthought, having been added so as to stiffen the central portion 
of the structure. The tension members of the trusses (invisible in the 
photogniph) are of twisted telegraj^h wires tightened by a Spanish wind- 
lajss. There are wire guys from bridge to shore above and below to take 
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Up the wind pteaeme. The roadway is only six feet wide, being H«M|ipftftH 
aoMy for the paasase of pedestrians and pack<4H)r8e8. The wire employed 
was left in the country when the ''Collins Overland Telesraph Line" 
was abandoned in 1866 on the oompletioii of the Field Submarine Cable. 
This bridge existed as a cantilever in the early socties before the mre 
was available. Fig. Id shows quite clearly the details of construction 
of this primitive structure, which, undeniably, is a most crtxlitablc piece 
of work for entirely uncdueiited men. It proves that lliin' an* good 
bridge engineers outside of the civilized peoples of the world, and that 
cuii^tructive ability is not always confined to those who have learned 
to read and write. In corroboration of the implied suggestion that the 
structure just dcscribejl is the work ol uncivilized man, it might be stated 
that the tribe of Indians who built it would not i)ermit it to be used for 
txadic until after it bad been tested tboroughiy by placing upon it a heavy 




Fmu id, Indian Bridge over-the Btdldqr Riv^r at AhwiUgate, B. C. 

load of squaws. Undoubtedly, they must have considered the adyis- 
ability of making the test with horses or cattle, and have concluded that 

it would be more economic to risk losing their less valuable live stock. 

P;i.s.sins from the realm of conjecture and inference to that of a par- 
tially known iind indefinite history', we find that the Caravan Bridge over 
the Hiver Melt^s, at ^Smyrna in Asia Minor, is of a very early though un- 
kiu 'Mi date, and is l)elieved by many to be the oldest existing bridge. 
It IS a sinirlc' s]ian. forty feet in length, and still in use, most of it being 
in its original condition. There is a very ancient l)eani-ty[x; bridge 
in England, wliich is l)elieve(l to be (jf the same age as Stonehenge, or 
(>ver two tliousand years old. it is over the East Dart, and has three 
piers construct I'd uf granite blocks which cany granite slabs, one of them 
being fifteen U^vi long l)y six feet wide. 

The earliest bridge of which then- is any truly authentic record was 
built over the Cupbrates at Babylon by Semiramis or Nitocris about 
780 B.C. Herodotus described it, writing in 484 b.c. It was a shortHspan 
stmetore thirty-five feet wide, of timber beams resting on stone piers. 
On^ a few other andent bridges, except those that were built by the 
Romans^ caa be described with any certainty. Two other early bridges 
of the beam or goder type were built in Greece about 425 b.g., (me at 
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Asm and one at Euboea. Both had stone piefs, which carried stone 
lintds or beama in the oaae of the bridge at Assos, and timber beams 
in the case of the one at Euboea. 

However, the Romans were the real bridge builders of antiquity, and 
the records of much of their work are fairly well preserved. The earliest ' 
Roman bridge of which we have any exaet information was the Pons 
Sublicius, over the tiber at Rome. This was a timber structure, of the 
beam type, resting on piles and so arranged that the floor could be re- 
moved. It was built about 620 b.c, and was made famous by Horatius 
Codes holding it against the Etniseans under I^ars Porsena in 5li8 b.c. 
The most celebrated of all the earlj' bridges was Cajsar's pile trestle, built 
ill ten days' time, over the Rhine, during the year 55 b.c. Under the 
Roniaiis the timber beam span reached its culmination. No great devel- 
opment could take place in this iy\ye of structure until a correct theory 
of beam action had l)een established and a material obtained that wouM 
meet the requirenn'nt < of such theory. Tlie passiiiij from a beam of 
rectangular section to that of the more efficient I section was of rather 
late but miknown date — after cast iron became available for bridge con- 
struction. This, of course, was superseded by the roiled section or a 
beam built up of plates and angles — the modem girder. 

Another early form of construction used by primitive man was the 
suspension type. It is more than likely that suspension bridges of crude 
form were the first kind of bridge to be employed for the spanning of 
openings which exceeded the length of a smc^e log. lyrrell in his "His- 
tory of Bridge Engineering" states that they were used in remote ages 
in China, Japan, India, and Tibet, also by the Dyaks of Borneo, the 
Astecs of Mexico, and the natives of Peru and other parts of South Amer- 
ica. Thecableeof these primitive structures were made of twisted vines or 
straps of hide and fastened to trees or other permanent objects on shore. 
No date can be assigned for the building of the first suq)ension bridge; 
one of 330 feet span is said to have been built in China about a.d. 66, 
and it is believed that others had lx»en conipletetl in that countr>' many 
centuries earlier. Xo very great span-length could be attained until 
stronger mat^^rials could be had for the cables, so that it remained tor 
comparatively recent centuries to see much development in this tyi>e. 
Iron chains for suspeiLsion cal)les were ado])te(l in both India and Japan 
five hundred years or more ago, while roj)e was employed for the same 
purpose in Europe, India, and South AmcricM ^cNcral centuries ba<'k. 
Hut little improvement was made until modern liiues when the stiffening 
truss was added and wrought iron and steel were made available for 
oonstruction. 

Another early fonn of bridge was the cantilever span. As this re- 
quired a little higher order of intelligence to construct than the beam or the 
suspension type, it is likely tha.t its advent was of a later date. As far 
back as 1100 b.g. it ia known tbat the ancient Greeks employed the ''oor- 
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befed areh," which, strictly speaking, is a fonn of cantilever construction 
and not an arch at all. The Egyptians made use of corbeled stone arches 
two or three thousand years before the Greeks. One ol the aadent 
eiamples of cantilever construction is that of a Japanese structure known 

as the "Shogun's Bridge in the sacred City of Nikko, which bridge 
was erected about 500 or 600 a.d. It has stone piers or, more strictly 
speaking, bents; for the cylindrical columns are pierced with rrct angular 
holes to permit of the insertion of tightly fittinp, cut-stone struts. The 
f*u|XTstni('tun', which is mainly of timber, con>i>ts of beams jutting out 
from earli ])itT, with the gap between their ends spanned by other beams, 
making true cantilever construction. As the author lived within a 
short distance of this bridge during two summc^rs of his sojourn in Japan 
itt the early eighties, he became quite familiar with its appearance, which 
is truly artistic — like most other Japanese constructions. Fig. Ic, re- 
produced from a photograph which he secured at that time, gives a rather 
inadw^uate representation of its asthetic nature. The wooden portion 
of the bridge hs^s since been destroyed by fire and replaced. Of course, 
the timber parts of this historic structure must have been renewed many 
times during the centuries that have passed since its first construction; 
but it is claimed, and probably with truth, that the stone bents which 
fonn the substructure are those originally built. 

The Chinese are believed to have constructed cantilever bridges many 
centuries ago. A cantilever bridge built in 1650 a.d. at Wandipore, Tibet, 
had a span of 112 feet and lasted 150 years. It was a timber structure 
put together with wooden |X'gs, and without metal of any kind being 
u.s^il JH tlie span. The Hind(X)s are also credited with having built can- 
tilever .-])an> at a very remote age. The development of the cantilever, 
however, did not proceed ver>' far until modern times, when the truss 
form of structure had liecomc cstalilisht^i and when iron and steel con- 
Stitut«Ml the materials of construction. 

Another and later form of bridge and one requiring a hipher degree 
of skill and intelligence than the other types referred to was the arch. 
The conetruction of masonry arches began before the days of authentic 
historj"; and it is impossible to determine to whom sliould be given the 
credit of building the first bridge of that type. It is hkely that the pre- 
viously mentioned "corljeled arch" such as used by the ancient (.neks 
was the precursor of the true arch. As before stated, corbeled stone 
arches were used by the Egyptians in the Pyramid of Gizeh, dating back 
some three or four thousand years before the Christian Era; and brick 
arches of crude form are found in the ruins of Thebes in structures that 
were probably built about 2900 b.c. Before the fotmding of Rome, the 
Etruscans in Italy had used, quite largely, arches of the corbeled t3rpe, 
and occasionally the true arch; and the Romans doubtless drew from 
tbem their early knowledge of that style of construction. A true stone 
arch waa found in a tomb in Thebes, which tomb is thought to have be^ 
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corLstructcil about 1.S40 n.c. But all of these may liavo been antetlateti 
by a true stone arch found in a pyramid of retl »and;?tone on the island 
of Mer(>c», in Ethiopia. Some authoriiii s consider this to be the earliest 
arch known and that the Eg\'ptians obtained their knowledge of arches 
from the Etliiopians. All of the arches above mentioncxl are of short 
spjin; and it is not certain that either of these p(H)ples applied the 
arch to bridge construction. It is very unlikely that the Eg}7)tiaas ever 
built any large spans of that type, as they mistrusted the arch, saying 
that "it never sleeps"; that Is, they believed that the horisontal pressure 
on Hs abutments would eventually acc(»nplisb its destruction. The Hin- 
doos, too, have always refused to adopt the arch, saymg, as- did the Egyp- 
tians, that "it never sleeps." Because of this, as has been previously 
noted, they constructed suspension bridges many centuries ago; and they 
are believed to have built cantilever structures as well. 

The inhabitants of the valleys of the Euphrates and the Tigris also 
were familiar with the arch at a very early period. The Babylonians built 
pointed brick arches for sewers certainly as early as 1300 B.C., and some 
of them are Ix'lievetl to date back to 4000 B.C. In the time of Nimrod. 
alH)iit 220() n.c, tin* Ivivcr Euphrates in the City of Babylon was crossed, 
it i'- clainKMl, by a single brick arch thirty feet ^\^de and six hundred and 
^ixty ft rt long; but this information must Ix" taken cum grano aalis. It 
i- inorr than likely that the total length of the arch l)ridj^e was six hun- 
tlrcd and sixty feet, and that the spans were short. In-causc there is a 
record of anotlu r Baliylon briil)i;e of just that length, cumi>osetI of stom; 
piers supporting a wooden platform, as previously described. This struc- 
ture max- very well have been the first large arch bridge ever constructed. 

Tlu- Chinese have employed the tnie semi-circular arch for ages, and 
have brought its construction to a ver>' high plane of excellence, although 
their old spans were always short. Arches were built in their Great 
Wall about 214 b.c., but the time when they were first mtroduced in 
Chma is unknown. Chin-nong, who is supposed to have lived about 
2900 B.C., is said to have constructed bridges over navigable streams, but 
their type is not stated, and the date is veiy uncertam. It may be that 
to him, and not to the Babylonians, belongs the honor of having constructed 
the first large arch bridge. 

However, it remained for the Romans to brmg the masonry arch to 
its high <legree of development during the eleven centuries succeeding 
the construction of Pons Subhcius previouslv mentioned. Manv notable 
bridges, which were built by them in this period, are characterized by 
the -♦ niicircular masonry arch. Tarquinius Priscus is reputed to have 
constructed a three-span l)ridge of this type, known as Pons Salarius, over 
the Teveronc, as early as 0(X) B.C. Probably' the first stone arch bridge 
over the Til>er at Home was Pons .Emilius, built about 178 B.C. on the 
i^'iie of the modern Ponte Kotto. It was folkjwed in 100 b.c. by a similar 
structure called Pons Milvius, which exists today under the name of 
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Ponte Molle, and contains portions of the oripnal construction. Pons 
Fabricius, a masonry arch bridge of two eighty-foot spans, also over 
the Tiber at Rome, was built about 62 B.C. This still exists under the 
name of Ponte Quattro-Capi, and is yet in use, with nearly the entire 
strueturt' in its original condition. In all, the Romans built eight bridges 
over the Tilx;r within the City of Home, concerning which structures uur 
knowledge is certain, and there are evidences that several others existetl 
as well; and many other bridges were built at various places tlu*oughout 
the Empire. Some of these were portions of the magnificent system of 
stone roads which ran in all direi ti-^ns from the Eternal City, while 
others were temparaiy bridges constructed for military purposes only. 

A large timber arch bridge was the one over the Danul)e in Hungaiy, 
which was constructed by tlie order of the Emperor Trajan in 104 ▲.D. 
It was designed and built by Apollodorua of Damascus, the greatest 
CTgmeer of that period, and contained twenty wooden arch spans resting 
on cut-stone jnera. There is good reason for believmg that the length 
of eaeh span may have been as much as 170 feet 

The Romans constructed also many arched sewers, some of which are 
still m use, and many aqueducts, some of which were carried over 
valleys and streams on large masonry arch bridges. One of the best 
known of these aqueducts is the Pont du Gard, built in 19 b.c., to supply 
the city of Nfmes in Finnoe with water; and It is still used for that pui^ 
pose. It is in three stories, and has a length of 885 feet, the greatest 
height being IGO feet. 

The Romans brought the art of constructing the semicircular stone 
arch to a high degree uf perfection. Tliey employed cut-stone voussoirs, 
fitted together without mortar; and so exactly was the work done that 
they ai)pear to have been ground. A hydraulic cement of a pozziiolanic 
nature \v:is employed for tlie making of concret(», which was utilized for 
backhlling arelu's. laying up walls, lining a(iue<lucts, and many other 
purposes. A great deal of it is nearly perfect after two thousand years. 
The arches were usually of short span, but some of them were about 
one hundred and twenty (12U) feet long, comparing vezy favorably with 
similar bridges of the present day. Their subaqueous foundation work 
was not so good, as the piers generally rested on stones piled up on the 
river-bed, which was not always excavated previously; and their width 
was usuaUy about one-third of the clear span. On account of the result- 
ing contraction of the stream and the unsatisfactory foundations, the 
piers were frequently undermined. In some of ih&t structures, the span- 
drels over the piers were pieroed with small arches, in an effort to increase 
the waterway. 

With the fall of Rome, bridge construction in Euroi)e came to a stop, 
and for many centuries Uttlc progress was made. In consequence, the 

magnificent system of roads and bridges of the Roman Empire soon fell 
into decay, very few bridges being built, and nearly all of these being 
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poorly ooDStnieted. Flrobably the pkmeer bridge builden of the lifid* 
I die Agee were the Moore in Spain. In the twelfth eentuiy the Benedio* 
tme monkefounded a leUgioue onier kn^ 

{FnUna PonHs), the duty of whose membera was the oonsfaniction and 
repair of bridges; and imder their leaderahip considerable woriL was done. 
' Their substructure work was notably better than tiiat of .the Komans. 

There were a few other notable contributions to bridge building made 
I <i .1 this period. The (lothic or pointed arches api)eared about the 
tlurtct'iuli century, and the segmental and elliptical archej^ tibout the 
same time. The (lothic arcliCii were never widely used for l)ridge8, to 
which their outline is ill adapted; but the (jther tyjx's mentioned 
soon found much favor, and even today they are employed for 
many struct ares. The segmental type wius adopted in 1380 for the 
I constructiuu of a granite arch of two hundred and fifty-one (251) feet 
span and eighty-seven (87) feet rise over the Adda River at Trezzo, in 
I Italy. It was of unprecedented size, and it was not until the opening 
years of the present century that a masonry arch of longer span was 
ooostructecL It was destroyed in 1410, but the abutments rsnuuned until 
recent jrears. The elastic arch, as distinguished from the voussoir areh, 
did not make He appearance until the early part of t^e nineteenth cen- 
I tmy. The first qian of this typt was the wroughtpiron foot bridge de- 
signed by the French en^neer Bnordre and built over the river Grou at 
St Denis, in 1806. However, it was nearly the middle d the nineteenth 
century before the superloii^ of wrought iron was recdgniied and cast iron 
was discairded for bridge purposes. The development of the elastic tiieory 
gave a basis for rational deigning, and the introduction of steel and rdn- 
foroed oonerete has led to the ptaent high status of arch bridge building. 

A somewhat later form than the beam, suspension, cantilever, ot arch 
type, perhai>s, is the pontoon bridge, for some skill in boat building must 
have been developed before pontoons could have been used for supiK)rt- 
j iug the spans. The Chincvse are lx?lieved to have built pontoon bridges, 
I a.s well ns eantilevcTs, many centuries ago, and to have provided means 
j for oiH'iuiiK >^ome of the spans for passing vessels. Homer, who lived 
some time between 8(X) and 1000 B.C., WTites as though bridci^s were com- 
mon in ]iis day, and mentions in particular [lontoon bridg(\s for the pas- 
sage of armies. It is known that the Persian kincrs f 'yrus. Darius, and 
Xerxes aV>out 500 B.C. used pontoon bridges for mihtary purposes, cross- 
ing in this manner the IlelU spont, the Bosphorus, and even the Danube, 
and that Alexander the On^xt Constructed similar bridges about 330 b.o. 
I Yery little change in this form of construction has occurred, as other 
types have proved more desirable for permanent structure s. 

The last form of bridge construction to be evolved, but the one des- 
tined to pramote the highest development of the art of bridge building, 
waa the truss. It remained for FaUadio, an Italian architect of the sSor 
tanth oeotoiy 9 to bmnt several tnisses (malting use of the pa^ 

I 
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which were quite aiimlar in form to our modem types. He oonstructed 
many bridge and' roof tniflsee of timber, and wrote an daborate treatise 
on arehitecture, in which they were fully described. Unfortunately for 
mankind, his discoveiy was allowed to lie unnoticed for several centuries. 
A notable adyanoe in bridge oonstruction occurred about 1760, when 
John and Ulrich Gnibenmann built several timber spans near Baden, 
Germaiiy, the largest bdng one of three hundred and ninety (390) feet 
over the Ummat at Wittengon — the longost tinibor span on rrconl. The 
members of the,se striictures were arranged in a e(jmi)li<'at(<l mkuuk r that 
would defy stress computation. Prof. Win. II. Burr, in his ''Design and 
Constniction of Metallic Rrideos," dcsciilM S it as consisting "more nearly 
of a sup(T|X)sition of a uuihIkt of quet'n-ix>st trasses with some timbers 
dis{>os('d thruughout its length in such a way as to act i^mewhat like 
an arch." 

So far attention has bc^en directed to the development of superstruc- 
ture fonns, with but l)rief mention of substructun; w(jrk. It has l)een 
noted that the subaqueous work of the liomans was inferior to tliat of 
their superstructure. Aix>llodorus, in the construction of the bridge o>ver 
the Danulx? previously mentioned, employed some form of caisson for 
building the piers; while for some other structures foundation piles, driven 
until their tops were below low water, appear to have been used. Thij 
always tried to locate their piers so that the bases could be laid in the 
dry; and th^ preferred rock foundations. The foundations of London 
Bridget begun in 1176 by Peter of Colechurch, consisted of strong efan 
piles, driven deep, with a timber platform thereon to support the mason- 
ry of the shafts. This work proved to be very substantial, and the piers 
of several other bridges were built in a similar manner. Gradually further 
improvements in substructure work were made, but it was not until 1635 
that a d; edging machine was employed for the first time m the construc- 
tion of a bridge at Maastricht in Holland^ and nearly a ci nturj' later a saw 
was invented which would cut off piles sixt<vn feet under water. In 
constructing the piers for the bridge of the Tuileries, whicli was designed 
by Mansanl and b«'£run in lOS'), Frere Romaine used a dredging niacliine 
to prepare the bed of the river, and then simk a barije filled with st<>nt»s, 
afterward surroun<hng it with ))iles and a jetty, lie tlien lowered into 
the Ijarge a chest containing courses of stone cramped together. 

In 173S, Labelye, in building Westminster Bridge over the Thames 
at London, used a similar type of construction. His work is better known, 
and he is generally credited with being the originator of the moflern type 
of caisson. It appears to i»e imccrtain whether he simply dre<iged away 
the soft mud in the bed of the river in preparing the foundations of his 
piers, or whether he drove piles, cut them off, and built thereon a plat- 
form of timber. The caissons were boxes with watertight bottoms and 
sides, and were sunk to the foundation prepared by one of the methods 
described above, with the tops always remaining above the water. The 



Digitized by Google 



EVOLtmON 07 BRIDGE SNOZNBEBING 



13 



masoniy was built up inside the caisBon until it was above the water 
level, and then the timber sides were removed. Sheet piling was driven 
later to protect the foundation against scour, a pile-driver run by three 
horses being used for the purpose. The piers were undermined by scour 
after several years, hence it is not likely that they rested on piles. 

We have followed in a brief way the evolution of the form of structure 
down to the nineteonth century, when men of scientific attainments bep:an 
to 8tu(iy the .sul)ject. It will now. he well to revert to ancient times and 
obserx'c the various materials used l)y early man in his hridj^e construc- 
tion and sec limitations impox'd by them upon his efforts. Prehis- 
toric man had at his conunand wtRxl, stone, and fibrous plants. Thtsr 
he had to use in their natund <'onditi(m, for he hi\d no t(X)ls with which 
to fashion his material. ¥ov many centuries these sul)stances continued 
to be the only ones available for bridge construction, while the improve- 
ments made, due to the gradual introduction of tools, were in the nature 
of refinements ui workmanship. It is readily seen that, with a material 
like wood or stone, Ijeam spans could not attain a very great development, 
i.e.y they could not be empl<^ed for long spans or for canying heavy 
loadsr^^ior could the suspension span built of vegetable or animal fibre 
surpass in any great degree the work of prehistoric man. The stone arch, 
because its form produces an internal compression and by reason of the 
adaptability of its material to resist that comiiression, admitted of greater 
development than the other tsrpes. Again, the invention of the truss form 
permitted timber to be used to greater advantage than it had ever been 
before. With the introduction of iron into bridge construction, a larger 
field was first opened up for the suspension type of span, while the new 
material had little effect upon arches, l>eams, and cantilevers until later 
when it and its derivatives became, in conjunction with rational (it.si^n- 
ing, one of the most important factors in the evolution of the mndcrii 
l>ri(l«;e. So im|)ortant is tlu^ vtlvci of this innovation that it will be given 
j-jMfial consideration furtlier on in tliis cWtpter. For the present it will 
suifice to not<' that there has been a reciprocal cfVcct. an action and a 
reaction on each other, between the form of cuutitructiun and the material 
composing it. 

We shall next consider the evolution that has taken place in the metluKls 
of design and the verv^ potent influence that this factor has had in the 
development of bridge building. 

Throughout the centuries of bridge development thus far discussed, 
the designer and builder had relied entirely on his experience and judg- 
ment, there bemg no theory to which he could turn for aid. As a result, 
progress had been slow; and the bridges of the eighteenth century were 
little better than those built two thousand years before by the Bomans, 
except in the foundations. But during the seventeenth and eighteenth 
centuries men coomtienced to study the phenomena of nature anew, and 
liic dcvclupmciit of modem science began. The fundamental laws of 
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phyuGB and chemiatiy were dieooverad, and a basis for ratumal engi- 
neeringtheofy was laid. Qiadually ooneot methods of doi^ were evolved, ! 
leading naturally to the naarveUouseaqsaoskmof the last oentuiy. Galileo 
annoimoed a law of stress variation in beams as early as 1638» but it was 
grossly InooiTect. Hooke stated in 1678 one of the fundamental laws of 
mechanics of materials, that of the proportionality of stress and strain — 
*'vt fmsio dc vis.** Mairiotte in 1680 proved experimentally that the 
fibres on one side of a beam were compressed and those on the other 
side exteiitled, and a.ssumed the neutral axis to j^ass through the centre 
of gravity of the section. BemoulU in 1094 apphed Aiarriotte's law to 
determine the deflections of beams. 

A great impetus wm given to scientific design in 1716, when the French 
Government organized the Department of Roads and Bnd^c^{Dcpartcfnrt}t 
rfes Fonts et Chausscc.s) , tiie first engineer-in-chief l)eing Gabriel. A draw- i 
ing school in connection therewith was started in 1747; and in 17(30 it was 
enlarged to become the Ecole des Ponts et Chnmsdcs, the noted engineer 
Perronet being placed in ohaige. About this time the French assumed 
the lead in bridge engineering and held it for a long time; and from them 
came the knowledge and inspiration of the early English engineers. Parent 
in 1713 annoimoed the < ({uality of the compressive and tensile a t r ooDOS y 
which fw a uniform variation of stress located the neutral axis at the I 
centre of giavity. Little attention was paid to his disooveiy, however, 
and in 1773 Ckmlomb stated it independently. Even after this its im- 
portance was not realised for many years. Navier put the design of 
beams on a firm basis in 1824, and developed quite fully the theoiy of 
thdr deflection. He assumed the equality of the moments of the tenaOe 
and co m pressive stresses about the neutral axis, which is true for eyxn- 
metrioal sections only. Professor Eaton Hodgldnson published in Eng- | 
land the first correct treatment of beam designing at about the same 
time as Navier. Finally Saint- Venant, a pupil of Navier 's, gave in 1857 
a complete and uccurate an;il\sis of the strength of beams, both at the 
elastic limit and at the ultimate strength. 

While the theory of beam action was bein^ develoi>ed, other investi- 
gators were studying the resistance of cohniiiis. Euler developed his fa- i 
mous column formula in 1744, using Ik-rnouUi's work as a basis; and ' 
Lagrange antl Navier later extended his work. In 1840 Prof. Eaton 
Hodgkinson published some tests on cast and wrought iron colunms and 
determined constants for Euler's formula, from which faet it is frc»quently 
known as Hodgkinson's formula. It has been considerably used, eqie* 
dally in Europe, but is strictly applicable only to very large valuers of | 
the ratio of length to radius of gyration, and is not generally considered 
suitable for actual columns by American engineers. The formula now 
known as Gordon's Formula was published originally by Thomas Tred- 
gold; but the empirical constants for it were determmed by Lewis Qor- 
doui using the Hodgkmson eaperiments just mentioned. This formula 
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was later modified by Ranldiie; and in the ehanged fonn, known as the 
Gofdon-Rankine Fonnula, it has been widely employed. It still finds 
some favor, and it has generally been regarded by American and English 
engineers as being more ratioiuil than iiny other that has htt u proposed, 
thuuKli a good many diisagrec with this view. Some thirty years ago 
Edwin Thaeher and T. H. Johnson, both recognized American authori- 
ties in bridge ( ngiueering, ixHutrd out that a right-line formula could 
be evolved to represent cpiiti' satisfactorily the average of a great num- 
Imt of authentic cohunn test^i; and while it is purely empirical in form, 
it has Ijeen ndoptfd ver>* generally throuiihout the United States on ac- 
I count of its simplicity. Column fonnula3 iiave also been proposed by 
] Merriman, J. B. Johnson, Marstoni and others, and while each has pos- 
sessed some individual merit, none ol them has been adopted to any 
extent. A great many tests and researches ooooeming columns have 
been made in the past, and some important ones are under way at the 
present time; and it is to be lioped that ere kmg their designing and 
detailing may be put on a more rational basis. 

The theoiy of the masoniy aidi has received attention eonce the time 
of Kewton, and many vohunes have been written on the subjecti but the 
resuUs have never been altogether satisfactory. The theory ot the elastic 
arch and its applicatioa to metal arch ribs has been developed since 1840. 
I In 1879 Weyrauch demonstrated the four fundamental equations upon 
which the elaatic theory is based, and these have formed the foundation 
for fortber treatment by subsequent investigators and writers. In 1890 
the Austrian Society of Engineers and Architects conducted a series of 
elalx)nite tests on arches used in buildings and bridges; antl an exhaus- 
j tive r(]>urt thereon wa,s published in 1895. The geneial conclusion 
reached was that the theory of elastieity gives the only solid foundation 
for theoretic inM -tigation of all archies. For the stet'l arch the agree- 
i meat l>et\vt ( n the observations and the predictions of the elavStic theory 
-was partieularly sillisfa(■tor\^ This theory has oome into general use 
in the dei^ign of reinforced concrete arches. 
, As has already been stated, the trus8 idea and the use of the jmnel \ 
' were discovered in tiie sixteenth century by PalUidio. Little attention 
was paid to his work in Europe, and it remained for American engineers i 
to develop rational methods of analysis in the first half of the nineteenth 
centiir>'. Pahner, Burr, and Wemwag built oomlnnation arch and truss 
bridges in the euAy years of the century, apparently with little appre- 
' dation ol the stic sue s involved; and Town, Long, Howe, and the Fratts 
^ bvenled pure trass types soon afterward, but were unable to figure the 
a li MWj B in the vartoua parto. In 1847 Squire Whipple published at Utica, 
K. Y., a "Work on Bridge Building," wluch gave the analysis ci stresses 
in fiuuKB in a aurprinni^ complete manner, while Herman Haupt pub- 
\ fished independently an inferior treatise in 185L Whipple's book laid 
j the foaadatioa for the rational design of sbnple trusses; but it has r»* 
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mained for writers of the present day to develop the aoalysb of continu- 
ous beams and trusses, and cS indeterminate structures and similar prob- 
lems. Most of the important contributions have come from American 
and German writers. 

The study of secondary stresses has progressed much of late years, 
and every effort is being made to minimise their effects in bridges, espe- 
cially in view of the increasing use of riveted connections. One of the 
most not<*worthy foaturos of tho lat^t design for the Qucljoc Bridge is 
the adoption of tho ' K" typt' of trussing, which type is remarkably 
frw from secondary stnsses. The secondary' tniss-m(»ml>prs now in use 
in most American long-span bridges cavisr rather large secondarj' stresses; 
hut it is practicable t<3 eliminate them — ni least in part. The calculation 
of these stresses is very tt'dious, and the resulting ligures are rather un- 
certain. The best praelice tends toward thrir r<MhiPtion as far as j)ossible 
rather than toward the making of any (luantitative })rovision for them. 
A committee of the American liailway Engineering Association Is studying 
this question at present, and has already made one valuable report upon it. 

As previously statetl, American practice uscxl to pay no attention to 
asthetics in bridge building; but conditions in this respect are rapidly 
changing. The extensive employment of reinforced cr)ncrete for shorts 
span bridges makes th^ lesthetic treatment comparatively simple; be- 
cause there is little esccuse for building an ugly concrete bridge. Where 
steel construction is adopted, attempts are being made to obtain the 
best possible appearance, either by means of the arch (the ideal solution 
when practicable) or by polygonal top chords, which tend to produoe a 
graceful effect While the methods of design had been undergtnng de- 
velopment there was a somewhat parallel development of material to 
meet the more and more exacting demands of rational design. For this 
reason the discussion of the evolution of materials which was previously 
interrupted will now be resumed. It lias l)een pointed out how progress 
laggcnl until the introduction of iron into the construction, the first at- 
tempt Ix'in^ tlic use of iron chains in susjx'nsion bridges some five cen- 
turies jigo, the employment of iron in the other tyfit^s of spans coming 
much later. Although the manufacture of cast iron began in the hfteenth 
centurs*. it was not until 1770 that the fu*st east -iron span wiis built at 
Coalbrookdalc, Enghuid. over the Severn Kivrr. This bridge, which is 
still in use today, is an arch structure, the central span having a length 
of one hundred feet. It is composed of semicircular ribs made up of 
separate voussoirs. Quite a number of cast-iron bridges were built in 
Europe within the follow ing one hundred years, nearly all of them being 
of the arch tyi)o. The l>rittleness of the metal rendered it an unsatis- 
factory material for bridges, and quite a number of failures occurred^ 
especially under railway traffic. The first iron railroad bridge was oo&- 
structed in 1823 on the Stockton and Darlington Railway in England. 
In 1847 when the Conway and Britannia bridges were to be designed^ 



Digitized by Google 



SVOLUnON OF BBIDOE ENGINEEBING 



17 



Robert JItepheDson had a series of experiments on the strength of cast and 
wroujj^t iron made by William Fairbaim and Eaton Hodgkinson, show- 
ing the great supmority of the latter material; and it was. therefore, 
decided to adopt tubular bridges of wrought iron rath» than cast-iron 
arches. Within the next twenty years thereafter the use in Europe of 
cast iron for the main members of bridges practically ceOvsecl; but it wa.s 
continufd in AiiU'rica in important railroa<l structures a decade long(T. 

Iron was first rolled into >iiu( luial .shapes by Cortl, of England, in 
17S^: and laliicr bridges were first constructed there al)out 1824. In 
the earlier trusses the eonipression members were of cast iron and the 
teiLsion members of wrought iron, but the former material gradually gave 
place to the latter. Wrought-iron bridges were usually built as arches 
or as bowstring or lenticular trusses (all modeled more or less after the 
stone arch)| plate-girders, particularly of the tubular tyf)c, and multiple 
intersection or lattice tnisiscs; but a number of suspension bridges were 
also built of this material. 

Id 1^28 steel of the putldled variety was first utilized in bridgework 
for the eye-bar chains of the 300-foot suspension span at Vienna, Austria; 
but for many succeeding years its employment in bridge construction was 
practically discontinued. The Bessemer process for the manufacture of 
steel was invente d in 1 855^ and the Siemens-Martin open-hearth process 
soon afterward. The development of the steel industiyi however, was 
rather slow, and wrought iron remained the almost universal bridge metal 
until 1880; but between then and 1890 open-hearth steel came into 
vogue. sui)planting entirely the wrought iron. Bessemer steel was never 
popular for bridgework on account of its lack of reliability, and especially 
because of its occiisional tiiidency to crack under shop manipulation; 
nevertheless, strange to say, it was a<.iopted for building llie great Forth 
Bridge. 

Natural cement w;us ai)plied to bridge const nu t ioii in the early part 
• )f rill nin(^t<H»nth century, and masonry work was mueh iniproveil therel)y. 
The development of the Portland cement industry, most of which has 
taken plaee since 1855, provided a more reliable material; antl, jts a re- 
sult, plain concrete lias come into very extensive use both for arch bridges 
and for thf? substructures of other forms of bridge construction. The 
introduction of Portland cement was responsible for the development of 
a new matoial of construction — reinforced concrete. Tlu idea of in- 
creasing the tensUe strength of mortar or concrete by embedding therein 
rods of metal or sticks of timber was not entirely new, as the Romans 
had used the fonner to a limited extent in the construction of roofs of 
tombs, and the Chinese had emplo3red the latter in building the Great 
WalL About 1840 attempts were made in Paris to construct floor slabs 
of plasteiHif-paris reinforced with iron rods and bars; but the metal was 
found to rust raj)idly. The reinforcement of Portland cement mortar 
or concrete by iron rods or wires was first proposed in 1850 by a French 
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contractor, M. Lambot, who constructed a amall boat in that manner. 
In 1854 an E^)|^tidi plasterer named WiUdnaon obtained a patent for a 
reinforoed concrete floor construction; and in the following year M. 
FhmQOiB Ck>ignet, a IVench contractor, was granted a similar patent 
In Coignet proposed to build arches, beams, and pipes in tliis man- 
ner, and Monier, a Parisian gardener, alx)ut the same time began the \ 
construction of concrete tubs and tanks reinforced witli wire. Both ' 
Coignet and Monier exhibited their work at the Paris l*>xposition in 1867; 
and in that j^ear Monier patented his well-knowTi system of reinforcement. 
For a good many years thereafter, however, reinforced concrete was but 
little employed in Europe. About 1879 Hennebique, in France, l>egan 
building slabs of it, but did not patent his system of reinforcement until 
1892. In 1<S,S0 Wayss bought Monier's German rights; and he and 
Bauschinger publislied tests on the material in 1884. In 1892 Melan 
developed in Austria the s>'stem which bears his name; and about the 
same time MdUer in Germany and WQnsch and von I']mperger in Hun- 
gary were beginning their weil-known work. Methods of design which 
were reasonably rational were evolved, and reinforced concrete soon came 
into common use. In 1899 C^onsid^re published the results of a very 
important series of tests; and later investigators have expanded still fm> 
ther the knowledge of the subject. Today the material is used yety 
widely in Europe for bridges of all kuid& 

The advent of remforoed concrete has extended the devdq^nnent of 
beams and arches, bringmg huto common use the continuous girder and 
the hingdess arch; while the improvement in steel manufacture and the 
introduction of tSkjiy steels have made possible the devckjpment of the 
truss type to its present high cU gree of ^ectiveness. 

Steel-bridge construction in Europe today does not differ easentially 
from the standard American practice, although a few years ago the two 
were quite dissimilar; for pin-connected structures are almost unknown 
across the water, while imiil lately tli« y have been the characteristic style 
of American construction. In ljur()])e the double intersection and the 
multii)le intersection trusses are still quite conuiion, but in America the 
single-intersection truss has supplanted bot li of 1 licni. There is one feature 
of European, and e-prcially of Entjlish, prai tiic that is (v^scntially differ- 
ent from the American, viz., that it favors the employment of much 
smaller truss depths, with the result of an :ib<*4ico of economy in both 
weight of metal and cost of structure, (h^idi clly greater deflections under 
live load, and the general n^f^ of tlir objectionable pony-truss for short 
spans. The steel trestle, with it- 1 i icf d towers and alternate long and 
short spans, which is so characteristic of Am(Tican railway construction, 
is rarely seen in Europe. One characteristic difference between the bridges 
of America and those of Contmental Europe is that the latter are gener- 
ally much more esthetic, American engineers having had the bad halMt 
of payhig far more attention to economy than to i^ipeacanoe. 
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The evolution of European practice during modem times has been 

profoundly influenced by older forms, the masonry arch in particular. 
That U'pe of stnicture itself has continued to be a favorite; and it luw 
heiw used extensively for both short and loii^ s|)ans, the longest one 
lii-iiig that of Plauon, in Sjixony, with a span of 2\l') iVet. A few depar- 
turt^ from the older arch tyjx's are to be noted. The open-spandrel type 
has l)een employed to some extent for kjngcr spans, with a com^ecjuent 
reduction in the load to l)e carried: and liinges have Ihm n used in spv- 
(nil instances. These have been constructed of steel or granite, or ha\'e 
con.sisted merely of sheets of lead alx)ut eight-tenths (0.8) of an inch 
thick ejctending across the middle third of the rib. 

Pasang now entirely to the development of bridge engineering in 
\mt rica, it is to be observed that it has taken place along lines quite 
different from those followed in Europe. There have been no older types 
of structures to copy, and, as before stated, there has been very little 
attention paid to the sesthetic side. Evolution has proceeded mainly 
akmg the line of truss development with many varieties proposed and 
subjected to the test of actual use and an elunination of the impractical, 
uneconomic, and indeterminate forms. The increasing volume of 
railway traffic has been one of the main factors in causing the develop- 
ment. The crossing of America's numerous wide rivers has presented 
many problems quite different from those encountered in European prac- 
tice: and, in addition, American engineers have almost always had to 
make every dollar go as far as j)ossible. Much temporary' construction 
has been necessary', owing to the lack of both time and money for per- 
manent Work. 

Prior to 1840, most of the evolution of bridge construction in the 
rnitetl States w:is along the lines of the wooden tru.ss and the wooden 
arch. The earliest imiK)rtant bridge built in tins country wjis the "Great 
Bridge" at Boston, Mass. It was constructed in 1GG2 of timljer super- 
structure supfx)rted by j^ile bents placed from fifteen to twenty feet apart. 
A few other bridges of the same type were built in New England prior 
to 1790. In the last decade of the eightcnrnth centur>% the building of 
long-span timber bridges began, Timothy Palmer being the most promi- 
nent constructor thereof. They were primarily arch spans, although 
there was also some truss action. In 1804 Theodore Burr constructed 
the bridge over the Hudson at Waterford, N. Y., with four spans vaiying 
in clear length from 154 to 180 feet. As it was effectively housed in, its 
timbers did not decay; and it lasted until 1909, when it was burned. 
During the latter portion of its life it carried heavy intenirban cars. The 
most important member of the Burr truss was an arch rib; but there 
'ns also a very satisfactory all-wooden truss with a counter in every 
pLnel, somewhat like that exploited later by Howe and named after him. 
Sf vejal similar wo<xlen bridges were built by Burr within the next few 
years; and in 1808 he constructed -a wooden suspension bridge of four 
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continuous spans across the Mohawk at Schenectady, N. Y., the longest 
spart being 190 feet. 

Ill 1812 Lewis Wcrriwaji:; erected the "Colossus Bridge'* over the 
Schuylkill River in Philadelphia, with a clear span of 340 leet. It was 
primarily a very ilat arch with some tru.^s action, and was the longest 
all-wooflon liridgo over constructed in the I'liited States. 

In 181(1 'I'honias Pope proi^osed to cross tlie Hudson at New York 
with a 3,UUU-lo<>t span and llie Ki\>{ IVwor with a l,80()-foot span, using 
his "Flying Penclant Lever Bridge," a lifty-foot model of whicii he con- 
struct^Kl to illustrate his scheme. The propose<l structure consisted of 
two immense cantilevers of timber extending out from massive abutments; 
but his idea was too far advanced for his time. 

In 1820 Ithiel Town patented the Town lattice tn]S8» shown in fig. 
V» the first bridge truss essentially American. It was an all-woodea 




Fig. v. Town LatUce-TmaB Bridge. 



construction with a multiple intersection webbing that consisted of a 
multitude of light hh mlHirs; and it has been the prototype of many 
truss forms in l)oth timber and metal. It footi became very popular, 
and many bridges were constructed from Town's plans, the greatest 
span length attained being 220 feet. The tniss(>s were of uniform section 
throughout^ and were proportioned by individual judgment rather thaa 
by analysis. 

The Long truss was patented in 1890 and 1839; and its inventor. 
Colonel Long, published in 1836 a pamphlet describing it. He recognised 
elearly the true function of the panel oounterbrace. 

In 1840 fmiiam Howe patented the Howe truss, in which timber was 
used for the chords and the web diagonals and iron for the verticals. 
It grew in favor rapidly; and today it m recognized as the ideal trus£. 
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form for wooden bridges. Its weuk point is ihc bottom chord, which 
puts timlx^r m tension and recjuires ver>' elalwrate splices. 

In 1844 Thomas W. Pratt and Caleb Pratt patented the Pratt truss. 
It never attained much popularity for timber-bridge construction at that 
time; but during the eighties it was much used in "combination'' bridges 
having all the ccmipression members of wood and all the tension members 
of ^\Tought iron or steel, notwithstanding its decided inferiority in respect 
to rigidity when built thus as compared with the Uowe truss bridge. 
Ite apparent advantage over the older competitor was a slight saving 
m first cost, and (when ndther type was housed) a little longer life, the 
perishability of timber being more pronounced in tension than in comr 
presrion membefs. 

The first American suspensioii bridge of modem type, with horizontal 
floor suqoended from the cables, was constructed about 1796 by James 
Finle>'. His cables were composed of wrouKht-ux)n loops or links, and 

his timbers were so framed as to give a rigid, continuous floor, which, 
in connection with the hand railings, eoiLstiluted fair .-«tiliVning trusst>s. 
His longest span, 308 feet, was in the bridge over the Schuylkill Hiver 
at Pliiladelphia, erected in 1809. This was replaced in ISlli l)y a 408- 
foot span carried by cables made of three-{'ighths-inch wires. It was 
built by ^Tiite and Hazard, who owned a wire mill near by, and was the 
first wire suspension V)ridge ever constructed. A numlxT of similar sus- 
pension bridges were built during the succeeding twenty years. In 1838 
when Wemwag's "Ck>lo68US Bridge" at Philadelphia was bumedi Charles 
Ell< t replaced it by a wire suspension structure of 358 feet span; and in 
1846 he built a 1,010-foot span suspension bridge at Wheeling, W. Va. 
AU of his bridges were unstayed. About this time the famous American 
engineer, John A. Roebling, began to build suspension bridges. He used 
guys to brace his structures laterally, and also stays running diagonally 
from the topa of the towers to points in the floor, a practice that had 
been previously tried out and abandoned by the English. He also intro- 
duced the system of usmg wure cables in cylindrical form, wrapped with 
small wire, mstead of separate wires side by side; and he inaugurated 
the pnctlee of cradhng tihe cables so as to increase the lateral stability 
of the structure. 

The introduction of railroads in the United States came in 1829, and 
with it l)egan the real development of l^ridge engineering. Wernwag 
built the first railway bridge for the Baltimore and Ohio Piailroad at 
Monoquay in 1830. It was wo(xlen and of the trussed-arcli typ*-. Many 
vHiinilar bridges were soon afterward constructed by Burr and others, 
and the Long and the Town lattice trusses were exti'usively employed; 
but .soon after the introduction of the Howe truss in 1840 the latter be- 
came the standard for railway-bridge construction. The Pratt tru.^s was 
'i^hI only to a limited extent by the railroads during the days of timber 
bridges. The first of the timber trestles which have played such an im- 
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portant part in American railway practice was built about 1840 on the 
line of tlie Philadelphia and Heading Hailroad. 

'ThuH far the construction of bridges had l>een carried out by men who 
were canx'iitcrs, and it was looked upon simply as a trade; but with the 
refiuiremcuts imposed by the rapidly increasing railroad traffic, a higher 
/ class of bridgework wa« demanded. Furthermore, timber was being 
found inadequate for the work required of it. nnd a better material was 
being sought. As early as 1787, Thomas Paine had tried to introduce 
the cast-iron arch into American bridgework, but had failed. Wrought 
iron had been used in Finis's suspension bridges and in Howe's trusses; 
but the first patent for an all-iron bridge was taken out in 1833 by August 
Canfidd; and in 1840 Earl Trumbull built the first structure of that 
kind over the Erie Canal at Frankfort, N. Y. It was a highway girder 
bridge of 77 feet span constructed mainly of cast iron with wrought-iron 
rods in a parabolic curve extending from end to end and supporting the 
cast-iron girders at various points, making the action very simikur to 
that of a suspension bridge or of an inverted bowstring. 

In the same year S([uire Whipple built his first iron bridge, a l)ow- 
string girder with wrou^ht-iron tension members and cast-iron compres- 
sion mcml>ers. He patented this type in 1841; but in 1846 he clmnged 
to the trapezoidal form. 

The first iron railroad briilge in this country was dcsigncHi by Richard 
Osborne, of the Philadelphia and Reading Railroad, an<l was crcctrd near 
Manayunk, Pa., in 1845. It was a Howe truss structure of only thirty- 
four feet span, and had cast-iron compression members and wrought- 
iron tension members. 

In 184C and 1847 James Millholland built a tubular plate-girder bridge 
of wrought iron f(jr the Baltimore and Ohio Railroad; and in 184(5 Na- 
thaniel Rider, of New York, patented a multiple intersection truss of com- 
bined cast and wrought iron. Several bridges of the latter type were 
built, but when one failed, about 1850, it was decided by most engineers 
to return to wooden bridges for railroad purposes. 

Thus far the design of bridges was purely a matter 'of judgment and 
experience, for no method of analysis was known. As stated before, in 
1847 Squire Whipple published at Utica, N. Y., a "Work on Bridge 
Building," and this marks the beginmng of rational bridge design. Un- 
fortunately, it was several years before his book became at all generally 
circiilated. 

The firm of Plymton <fc Murphy during the fifties made a model 
of a truss in which any member could be replaced by a spring balance 
in order to measure stresses. H(»fore Whipple's book was widely known, 
the tendency of web memlx is to fail near the ends of the span liad been 
noticed, antl in a few designs they had been made heavier than thoae 
near mid^pan. 

The (Jec»^^ ^ marks a very important advance in 
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American bridge engineering?, for thr <l('siglli^^ then oame into the hands 
of e(ki< utt'd engineers; and rational design n ally ht gan. Btmjamin H. 
l-atrobe, the chief engineer of the Baltimore and Ohio Railroad, deeidt'd 
to a<«e iron bridgf^s in constructing the extension of his line from Cumb<T- 
land to Whetting. ^^ endell Bollman and Albert Fink, the inventors of 
the I)()lliiian and the F'mk trusses, were then working under him; and 
the firist bridges of these ty|>es were constructed on that road in 1855, 
cast iron being used for the compression members and wrought iron for 
the teasion members. In that year Fink designed some iron raiht)ad 
trestles Tor the same line, using his patented truss for the spans. 

In the same year the first of the double-intersection Whipple-truss 
bridges was built. It also was of both cast and wrought iron. During 
the same decade the Pennsylvania Railroad began the construction of 
bridges composed of Pratt trusses stiffened with arches, aU compression 
members being of cast iron and all tension members of wrought iron. 

The first pin-connected bridge was designed by J. W. Murphy for 
the Lehigh Vall^ Railroad in 1859. In the same year Howard Carroll 
built the first all-wrought-iron bridge for the New York Central Railroad. 
It was well construct<Mi and of the lattice type. He employed iron track- 
stringers and fio(jr-l)earas, and prepared a jirinted sjx^cification for rail- 
rf>ad bridgework. J. H. Linville, of the PcMinsylvania Railroad, first in- 
tHKluccd wide, forgefl eye-bars in 1861; and in 18(53 J. W. Murphy de- 
sitaied for the Lehigh Valley Railroad the first pin-connected truss Ijridge 
with all the main mc^mbers of WTought iron, ca>t iron hvmg use(l only 
for joint l)locks. This bridge was of the d()iil)le-intersection Whipple 
tyix:"; and, on account of the improvements introduceil by Murphy, it 
has frequently Vieen kno^\^l as the Murphy-Whipple truss. In 1805 the 
first of the Post-truss bridges was constructed for the Erie Railroad, and 
that type was employed more or less thereafter for some fifteen years. 
They were generally built with cast-iron top chords and end-posts. 

As before mentioned, a plate-girder bridge had been built for the 
Baltimore and Ohio as early as 1846. Another was constructed by the 
Pennsylvania Riulroad in 1853, and one was designed in 1860 for the 
Boston and Albany by E. S. Philbrick. The only large tubular bridge 
ever built in North America was the Victoria Bridge over the St. Law- 
rence River at Montreal. It was erected between 1854 and 1860 from 
the desBgn €i the noted Eni^h engineer, Robert Stephenson, but was so 
expensive that the iyipe was never approved by American engineers. It 
lasted a nuinl)er of years in spite of the fact that the rivet heads came off 
so often that it was necessary to keep a gang of riveters constantly upon 
it in order to renew defective rivets. Finally, the structure was removed 
and rephiced by a more UKidern American type of bridge. 

Suspoasion bridges also were used by American railroads during this 
perioti. In 18o5 John A. l^oebling completed a suspension bridge of 821 
feet span over the Niagara Kiver just beluw the Falls for the Grand 

r 

Digitized by Google 



24 



BBIDGB £NQIN£ERINa 



Chaftsb i 



Trunk Railway. In it deep, open-webbed, wooden stifiFening-trus.se.s wen 
adopted. It was double-deeked, carr>nng a til teen-foot clear wagon-way 
below. A suspension l>ridp;e of three spans had been built a few years 
before at Frankiort, Ky. Owing to the lack of rigidity in the su^)eiisio]i i 
bridge, that type of structure has not found favor among American rail- i 
road engineers. I 

The construction of long-span railway truss bridges in America dates 
from the early sixties, when the railroads began to cross the Ohio River. I 
linville buitt the first at Steubenviile, Ohio, in 1863 and 1864. . It was 
of the double-intersection, Murphy-Whipide type with cast iron for the 
compression members, and had a channel span of 320 feet. The earlier 
long-span bridges were usually of that type, though the Fink truss was 
employed to some extent. Both d those types permitted of economic 
construction with large truss-depths and short panel-lengths, which ex- 
plains their i>opularity for long-span structures. The Fink truss was de- i 
cidedly inferior to the Murphy- Whipple in resix'ct to the important at^ 
tribute of rigidity. The longest Fink truss had a span of 306 feet and the i 
longest Murphy-W hippie one of 518 feet. | 

In 18(H David Reeves, of the Pha?nix Bridge Company, introduced 
the Phoenix column of wrought iron witli cast-iron liearing blocks, and 
ilev('l()j)ed till" use of the hytlraulic upset end for eye-bars. The said 
column wiis a great factor in causing the sul)stiluti()n of WTOught iron I 
for cast iron in compression members of pin-connected l)ridges. It servf^I I 
a good purpose for several years, but has boon finally relegated into 
oblivion l)y better and more scientifically built columrLs. Cast iron con- 
tinued to l>e used more or less in liridge construction until the Asht^ibula 
Bridge disaster in 1876, after which its emplo>Tnent in railroad structures 
w:is practically abandoned, excepting only in the before-mentioned bearing- 
blocks of Phcenix column bridges. 

Wooden stringers were generally used in railroad bridges until about 
1873, when iron ones began to supphint them. The latter, however, had 
been adopted by the New York Central hi the early sixties. The facili- 
ties for field rivetmg increased greatly about this time, and this 
cxphuns largely the more extended adoption of the metal floor-flystem. 

During the seventies the Pratt, the Whipple, and the Warren or 
Triangular trusses became the favorite types, although several large Post- 
truss bridges were then biuH. For a short span the single mtersection 
type was found preferable, and for long ones the double or triple inter- 
section. During this period C. H. Parker intnxluced the plan of making 
the top chords ot I hiou^ih truss(»s polygonal, thus effecting quite an < couomy 
in weight of metal for long spans; antl this nio'lilication of the Pratt truss 
is often termed the ''Parker Truss." The Bahiniorr truss was originaU'd 
by the Pennsylvania Railroad Company in 1871 l)y sulxlividing the 
panels of the Pratt truss; and it was sulxcc jucntly modified by making 
the top chords of the through bridges poi^'gonai, ixi which form it is some- 
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taneB known as the Pennsylvania" truss. Both of these forms, though, 
are more frequently termed the "Petit" truss. The Fink truss has not 
been built for many years, and smce the advent of the subdivided panel 
the Murj)hy-\\Tiipple truss has gradually passed out of use, George S. 
Morison being the last of the prominent American engineers to adhere 
to it; and even he was compelled to alxmdon it for the mure modern 
Petit type when he engineered the Merchant's' Hridge over tlie Mississippi 
Hiver at St. Louis. Today nearly all trusses of ordinar\' span length are 
Iwing designed of the Pratt or Petit type, but occasionally the Trian- 
{nilar with secondary' verticals is emj)loyed. The longest simple truss 
.spans yet eonstnicted are those of the Free Bridge U'ip^- hl^ ^'ver the 
Mississipj)i Kiver at St. Louis, where there are three Petit truss spans 
of 668 fet»t each; but there are .still longer ones under construction and 
in contemplation, one of 723 feet for the proposed bridge over the Oliio 
River at Metropolis (Fig. lA), and two of 775 feet each for the proposed 
crossing of the same river by the Chesapeake and Ohio Riiilway at Scioto- 
\iUe (Fig. It). In the latt^ bridge the two trusses will be continuous. 
Oontinuous apans have been employed in only one structure of importance 
built in America thus far, viz., the Lachine Bridge over the St. Lawrence 
River near Montreal. It was constructed in 1885-7 from the design of the 
late C. Shaler Smith, the most prominent and progressive bridge engineer 
of his time. Owing to the great increase in live loading, it has lately been 
taken down and replaced by a double-track structure of simple spans. 

The construction of real cantilever bridges in America Ix^gan in 1876, 
when C. Shaler Smith built the Kentucky Kiver Bridge at Dixville, Ky. 
He had originally intended to leave the chords continuous, and ha<l a.s- 
sumed fixed jx)ints of contrafiexure at what were later made the ends of 
the suspended span; but Mr. Bouscaren, Chief Engineer of th<' Cincin- 
uati Southern Railway and himself a high authority on brid^cwork, re- 
fused to jXTmit this, and Mr. Smith then arranged to cut the chords at 
these points after the erection was completed. The Eails Bridge over 
the Mississippi River at St. Louis was erected in 1873 by the cantilever 
method, the spans being arches without hinges. This plan of mction 
had been suggested as early as 1846 by Robert Stephenson, and several 
American engineers had proposed similar designing previous to 1876. 
The SoUd Lever Bridge Company of Boston erected several combined 
arch and cantilever bridges of short span in New England and New Bruns- 
wick about 1868, some of which were used for railway traffic. The first 
one had solid cantilever arms of timber, but the later ones were open- 
webbed and of wrought iron. Since the building of the Kentucky River 
Bridge, the construction of cantilever structures has gradually extended. 
The longest existing spans of that iy\)e are sdll European, being the two 
of 1,710 feet each in the Forth Bridge, Scotland; but this limit is soon to 
he excee<l(»<i by the 1,800-foot span of the Quebec Bridge, which is now 
under cuuri traction. 
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The metal arch has not been used as extensively in the United States 
as m Euroi>e. The low banks and alluvial soils of su mudj of North iViner- 
ica do not favor the arch type, which, generally s|x*aking, is suitable only 
for oomparativel}' high crossings and rock or other verj' solid foundations. 
Thomas Fame's attempt to introduce cast iron into American bridge 
practice has already been mentioned. In 1787 he advocated an arch 
bridge of that metal of 400 f(H>t span at Philadelphia, but the project was 
not carried out. The first really important metal arch bridge in this coun- 
try was the brfore-mentioned Eads Bridge at St. Louis, erected in 1873. 
It haa cast, chrome-steel, hingeless ribs, the first application of this metal 
to bridgework m America; and, although it must be considerably over- 
loaded, it ranks today as one of the finest bridges in the country. Since 
then a number of arch bridges have been built here — generally of the two- 
hinged or the three-hinged t3rpe6. The largest arch span in the world 
is the one now under construction over Hell Gate at New York City, 
the span-length being 1^77 feet. It is of the two-hinged, braeed-rib 
tx-pe. The spandrel-braced iirch with two or three hinges hiis freciuently 
liven 11-1. 1. most important existing bridge of the kind being that 
across tiie Niagara liivcr near the Falls, designed and engineered by the 
late L. L. Buck. 

In later years suspension l)ridg(»s have been an imjKjrtant t^pe for long- 
span structures, although not used (or steam-railroad purjx)ses. Tlu^ 
of the great bridges over the East Kiver, viz., the Brooklyn, the Williams- 
burg, and the Manhattan, are of that type. Designs for suspension 
bridges over i\u' North River at New York City have been made several 
times, notably in recent years by Lindenthal for an opening of 3,100 feet, 
and by Hodge with one of 2^80 feet. The theory of the stiffening-truss 
has been greatly Improved in recent years, and the flexibility so noticeable 
in the earlier dengns has largely disappeared in consequence. 

The first wooden railway trestle was constructed on the Philadelphia 
and Reading Railway m 1840, as has been previously noted; and the 
boldest example of that type among early structures was the Portage 
Viaduct, designed by Silas Seymour in 1851. It was 800 feet long and 
234 feet high. The first iron railway trestle was built in 18»53 on the; 
Baltimorti and Ohio Uailway, to whieli reference ha,s already been made; 
and the first on*- (if uuHiern tyjx' wa^j the Bullock Pen N'iaduct, designed by 
Smith, Latrob<* cV: Co. in 18()7 for the Cincinnati and Louisville Shori-line. 
To C. Shaler Smith in 187U are probably due the conee{>tion and intnxluc- 
lion of ihv }>ra<'«'d tower, now so charaeteri.stic of American dcsij^n; altliouj;h 
T. C. Clarke claimed to have employed it in 18G9 iu liia dctiign for the 
^)proa€h to the proposed Blackwell's Island Bridge. 

The gradual replacement of wood and cast iron by wrought iron has 
already been discussed. The first important use of steel for bridgework 
in the United States was in 1809 for the St. Louis Bridge, which was men- 
tioned earlier. Its employment for eye-bars developed next, then flat plates 
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suitable for floor-boam webs becaiuf i)rocurable. The first American bridge 
of any consr(|Uonco in which steel was used exclusively was the Glasgow 
Bridge over the Missouri River on the line of the Chicago and Alton 
Railway, built in 1879. The production of steel increased steadily, and 
in 1S90 all the usual structural sliapes could be procured at the same 
prices as for wrought iron; and l)y 1895 its adoption for bridges was 
practically universal, and the production of wrought iron in large quan- 
tities was a thing of the past. 

Withui the last decade investigations have been made oonoeming the 
employment of alloy steels for bridge superstructures, the result being 
that it has been found that nickel steel is a perfectly satisfactory material 
for bridge building and that its employment is in the ime of economy, 
especially for long spans. It has bem used hi several large straetures, 
notably the Blackwell's Island and Manhattan Bridges of New York 
City, the Free Bridge of St. Louis, the Fratt Bridge of Kansas City, and 
the new Quebec Bridge. Steel high in sUicon is to be employed (for the 
compression members only) in the proposed Metropolis Bridge, before 
mentimied; and May art steel, a low-grade natiural alloy with nickel and 
chromium, has been adopted for the new Memphis Bridge. In the Hell 
Gate Arch Bridge high carbon steel was chosen because of the great 
prices asked by the bridge manufacturers for alloy steels. The fiitiui' 
develupment in l()ng-si)an l)ridge construction most assuredly will be 
detennined largely along the lines of alloy steel maniifacture. 

Stone arch bridges have ])layed a very small part in bridge evolution 
in America; but stone and brick were for many years the principal ma- 
terials for substructure. The production of natural cement in this coun- 
try Ix'^aii in 1818, and that material was much employed fur concrete 
until the eighties, w'hen Portland cement came into vogue and soon re- 
placed it entirely. Concrete has ahnost totally ousted stone masoniy 
from bridge construction. 

Reinforced concrete w^as intnxluced into Amenca about 1874 by Ran- 
some; and in the following year W. E. Ward built a house of this ma- 
terial. In 1877 Hyatt published the results of tests which had been per- 
formed for him by David Kirkaldy; and shortly thereafter oonsideraUe 
construction work was done on the Pacific coast by Jackson, Pert^, and 
Ransome. The latter patented the first deformed bar in 1884. The first 
applicati<m of reinforced concrete to bridge construction was in the early 
nineties. Within the next few years a large number of such structurcH 
were built, largely of the Melan arch type, von Kmperger and Thacher 
being pioneers in this work. The past decade has witnessed its a])plica- 
tion to many other forms of bridge oonstmction. For city bridge s of 
short span its use is becoming almost universal, and it is being adopted 
extensively for short-span railway bridges and tresth^. It also finds a 
very wide application in the construction of retaiiiing walib and abut- 
ments, and of the floors of steel bridges. 
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Amorican methods of hridpo f1o*iifniinp: flurinp: tho last six flocadcs have 
certumly pa^wetl tliroimli a remarkable evolution; for, as previously noted, 
before 1847 all desigiuiig wius purely empirical and in the hands of car- 
penters; during the fifties the knowledge of the methods of stress cal- 
culation spread, iron largely replaced wood as the material of l)ridge 
construction, and bridge designing came almost entirely mio the hands 
of the railroad engineers, much of the manufacture being done by their 
forces in their own shops; but in the next decade some of the leading 
bridge engineers of the railroad companies started private shops and 
eventually secured most of the work, and soon the designing also camo 
into the hands of the new bridge companies, most of them being especially 
interested in some particular type of construction on which they frequently 
held patents. 

The age of keen competition then began ; and while progress certainly 
was great, the tendency to skimp was still greater. As most of the mil- 
road companies supplied simply a profile of the crossing;, the loading, 
and possibly the span lengths, and asked for lumi>-8um bids, and then 
did not check the adopted plans or inspect the construction, there were 
ever>' op{K)rlunity and temptatiiiii for the manufacturing companies to 
do poor work and *\skin" their struct un s. But < luring the seventies slowly 
there came a change. Sp<'cifieations lor l)ritlge work then began to ap- 
ix»ar — first by Clarke, Reeves & Co., in 1S71, then by George S. Morison 
for the Erie I^ilroad in 1873 (probably the first j)rinted bridge specifica- 
tkllis ever adopted by any American railroad), then in 1S7." by L. F. G. 
Bouscaren for the Cincinnati Southern Railway, the first road to specify 
wheel-load concentrations. Morison required successful bidders to sub- 
mit stress dieeto and plans for approval before starting work, and later 
began the inspection of materials and workmanship; and Bouscaren soon 
adopted the same policy. Inflection, though, was first inaugurated on 
the Bads Bridge in 1869. In 1877 Charles Hilton prepared bridge sj[)ec- 
ifications for the Lake Shore and Michigan Southern Railway, and in 
the same year C. Shaler Smith issued some for the Chicago, Milwaukee, 
and St. Paul Railway ; and in 1878 Theodore Coo^mt got out a set for the 
EIrie Railroad. This was the first of Cooper's bridge sjK'cifications, which, 
as revised from time to time, have Ix'en very widely used. Other rail- 
road companies s<.H)n began to develop ])ridge en<iint cring forces, and by 
1870 some of the most competent of the bridge engincrrs were entering 
private practice as consulting engine(»rs. The lack of rigidit}' and lateral 
stability of most of the structures built previously wms rapidly becoming 
apparent, especially to the engineers who were acting in the interests of 
the raih-oad companies and other clieut«; and the need for the making 
of complete designs by competent engineers, rather than by the cheap 
draftsmen of competing bridge companies, began to be realized. It l)e- 
came evident that while the old competitive system of lumjvsum bids 
by the various bridge companies on their own plans had played its part 
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in developing economic design in America, for best practice it had becomi 
a thinp; of the past. As C. C. Schneider has stated, "The manufacturc| 
should confine himself to his legitimate field of manufartiiring steel at at 
much a poimd." The best practice today oonslst.s in having the oomplet^ 
detailed designs and the specificatioiis prepared by a bridge specialistii 
either regularly employed by the purchaser or retained by him for the i 
epedal work, and then to ask for unitpprlee bids thereon frmn firetH^av i 
contractara only. That practice prevails today ahnoet umvereally in | 
raiboad work, and is rapidly coming into vogue Ux the better elass of i 
city structures; but the older practice of competitive, Iwnp-sum bids stall ' 
holds in small cities and towns and in the country districts. Hie estab- 
lishment of State Highway Commissions in several of the States, such 
as Iowa and Illinois, with competent engineers in charge, is doing much 
to correct the evils of highway-bridge letting. 

Perhaps the most important features of th(' development in bridge 
/ designing of late years have been the great advance in the science of 
• detaiUng and proportioning, and a grnwiiij^ moKnition of the fact that 
a bridge should be very effectively bract-d, and should be thoroughly 
/ rigid in all of its parts. Until the < arl\ » i^litics very little attention \va>< 
given to the detailing, the stresses and s( ciions for main members being 
^ c^lcuhitrq carefully by the engineer, but the still more important task of 
I designing the connections for the said main members being turned over to 
' , cheap draftsmen. The detaiUng t hat used to go into bridges thirty or 
forty years ago would make the hair of a modem bridge engineer rise 
with horrorl How such crudities could have been pennitted is almost 
beyond comprehension today; for the veriest tyro can now see that the 
details of those old struotuies were incapable of carrying more thaa a 
small percentage of the stresses for which the main members th^ oosi- 
nected were proportioned. Furthermore, the said earlier struotureB were 
very pooi "' braced, so that they racked to pieces rapidly. Aa the de- 
signing an« detailing began to come into the hands -of experienced engn 
neers, a mo ement to improve details and bracing began, but it progressed 
with painful slowness at first, for during the eighties bridge detailing was 
about as crude and unsdentlfie as can be hnagined. Toward the end of' 
the eighties pin-connections for short spans conmienced to be dropjjed 
out of the best practice, the flimsiness uf the web members in many of 
the multiple-intersection structures began to luake itself evident, and 
the desiral)ility of single-intersection systems from this standi)oint was 
realized. The great value of plate-girders for short spans was recognizeil, 
and their emplo3Tnent increased rapidly. From that time onward tin* 
evolution has been steady, the leaders tlicniii being the independent 
bridge specialists and the bridge engineers of the various railroad s\ -vtenis. 
The American Railway Engineering Association, organized in 1899 as th< 
American Railway Engineering and Maintenance of Way Association, h 
the wide-spread use of its specifications and by its many and careful 
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prepared committee reports, has raised materially the standard of railway- 
bridge designing; and the /Vinerican Society for Tej^ting Mtiterials has 
Iw-cn the means of effecting a number of improvements in the quality of 
thf various materials employed in i)ri(lge building. But by far the most 
effective cause of the sub.*;tantial and fundamental advance in the science 
of bridge engineering has been the publication In- the American Society 
of C ivil Engjneers of several papers on important bridge subjects written 
by leading specialists and discussed widely by members of the society 
connected in various ways with bridge designing, building, and operatioiL 
' Some of these papm put a stop to many glaring faults of design and con- 
struction, and others offered suggestions for future development which the 
profession has followed. As a result of this evolution during the past 
twenty-five or thirty years, a first-class American bridge of today is a 
ver>' rigid structure, effectively braced against all possible lateral forces, 
and carefully proportioned in all of its parts. 

^ The question of riveted versus pin-connected trusses has alwa}^? 

/been a mooted one among American engineers. While European prac- 
I tice has always favored the riveted type, early American j^ractice en- 
dorsed the use of pins, the New York Ontral Railroad l)eing a conspicu- 
ious exception, as it has employed riveted construction altogether. The 
liiitroduction of the pneumatic riveter served to remove many of the 
(ibjections to fif'ld-rivet<'(l connections; and of late* years the riveted 
tN-pe, as improved and n^ore scientilically designed by American engineers, 
tia.s found much favor in this country on account of its superior rigidity, 
specially because much of the former economy of pin-connections has 
iisappeared as Xhe necessity for making many of the tension members 
tiff has been Realized. Whereas thirty years ago many American engi- 
oers would h&ve used pin-connected spans of 100 feet, today most of 
hem advocate riveted ones for openings up to 250 or 300 feet-^r even 
ore. Three simple-truss, riveted spans, each of 425 feet, of the heaviest 
d of construction, were used in 1909-1912 in building the author's 
rati Bridge over the Missouri River at Kansas City. (See Figs. 31d and 
le.) The Sciotoville Bridge (Fig. U) with its 775-foot spans and the 
ell Gate arch (Fig. 2Qy) with its 977-foot span will have riveted con- 
Wticns throughout, and they will be used extensively in the Quebec 
Untiiever bridge. The extremely heavy riveted connections required for 
(▼lese structures have kni to many advances in shop practice, such as the 
I gaming or drilling of field connections with the parts temporarily assem- 
ed. the use of very large and long rivets (such as those of II4 inches 
I ameter and 10-inch grip in the Hell Gate nrch), and the adoption of 
jjortHl rivets where verv long grips are necessary'. 

The evolution in erection methods has also been marked. The intro- 
H-tion of the cantilever and the cantilever method of erection for arches 
J simple spans many years ago mrnle feiusible the construction of bridges 
>Iaoe8 where the employment of falsework either interfered with navi- 
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gation or was eKtremely hasardoiis or entirely impractioable; and tli« 
later method of erecting a span complete on barges and then floating it 

into position solved the same problem in another way. The refusal ci 
many railway companies to permit their traffie to he interfered with has 
led to the introduction of many new erection methods. A mor?t note- 
worthy feature has been the replacement of the traveller by the drrrirk 
car for the erection of structures of ordinary size, resulting in the cheapcniiig 
and accelerating of the field work, 
f 'i'he part played in the evolution of bridgf^ (l(\^i<2:ninf2; by chanpies in 
methods of transportation and by the increa^si" in commorce should not 
pass unnoticod. Necessity has been ihv. mother of invention in this as 
in other tilings. Primitive man needed but a slight structure to sustain 
himself or his horse, and his commerce amounted to almost nothing. As 
w^heeled vehicles appeared, wider and stronger structures were required; 
but the loads still were comparatively light, and the commerce being 
chiefly water-borne, bridges were more a convenience than a necessil^. 
In 17S4, when the mail-coach service of England was improved and ex- 
tended, the immediate result was the passage of some three hundred 
acts for the construction of toads and bridges within the next decada 
But it was not until the railroads began to push out in all directions and 
to cany a heavy traffic that the real development began. Bridges then 
became truly a necessity, and their design progressed rapidly. Further- 
more, the engines and trains increased constantly m weight, so that a 
bridge became seriously overloaded hi the short space of ten or fifteer 
years. This progress in the gro^i;h of railway rolling stock and the loa(^ 
carrii'tl therein caused a steady increa^se in thi' capacities of railroiij ^ 
bridges. In the early days of railroading the Baltimore and Oliio w;^ 
using the four-wheeled, p^rassliopper type of engine weighing ouy 22,(^ 
lbs., and its loaded cars weighed not to exccM'd one ton {kt lineal foo Qf 
track, while today there are in service Mallet locomotives weigliiiig 01 v, 
000 ll)s. without the tend( r, or 840,000 lbs. including it; and there art 
on record car-loads of 7,300 lbs. per lineal foot. The engine axle loadingj-; 
have increased from 11,000 lbs. in 1835 to 65,000 lbs. or more today, and 
the end is not yet. Of late years tlie increase of street-railway and inter- 
urban car traffic has required that important city bridges have the same i 
elements of strength as railway bridges; and quite lately the rapid in- 
crease in the sise and use of motor trucks and the improvements in the 
roads of the country districts have made it imperative that IxulgeB in 
those locations be designed for heavy loads. 

For the purpose of showmg the difference between early and modem 
railroad Imdges the author has conc?uded to insert Figs. Ij and ik. The 
fonner shows a Post-truss, smgle-track, railway bridge at Lockport, HI., 
over the lUinob and Michigan Canal, built in the sixties and in opera- 
tion a few years ago (and possibly today) on the line of the Chicago and 
Alton Railroad. The posts are of cast iron and hollow. The latter in 
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eoptradistmction represents a single-track span of the author's buOt about 

1909 in the bridge across the Kaw River at Kansas City, Mo., on the 

line of the Kansas City Southern liailway. 

The evolution of movable bridges is discussed incidentally in Chai)ter 
XXVIII, which treats of "Movable P)ri(lKt s in (Icncral," and in the three 
succeeding chaj)trrs, which deal at length with the three most prominent 
t^ypes of moving spans. 

From the foregoing it is seen that the principal factors governing the 
evolution of bridge building have been — 

Available materials, ' 

Advent of new materials^ 

Ppe-existinji fonns, 

'Extent of knowledge of the laws of mechanics and of the properties of / 



ip practice and facilities, 
l^SBBportation needs, and 
fipedion methods. 
Hie requirements of transpc»rtation will undoubtedly make further calls 
upon tlie structural engmeer and the bridge constructor; because heavier 
loads, greater density of traffic, and the demand for better connections 
between more widely separated termini will continue to crowd hard upon 
<■ istiiig limit lit ions and cause an increased effort to remove such restric- 
tion The cll^i^L'd result may Im' reached by th(» use of some new alloy 
of si -^1. by an increase in our theoretical knowh (ijrc, by an improvement J 
in shoo practice and equipment, or by a further development of i-rcetion ■ 
methoG-?; and {x>ssibiy all these factors m:iy enter into the further evo- 
lution Oi' bridge building. The limits in that art havf> certainly not yet 
been reaiAied — far from it! — for the era of long-span bridges has only \ 
just begun; and he would, indexed, be a bold prognosticator who would ( ' 
dare to sf>t a bound to the possibilities of attainment of the next generation 
cr tiPa of American bridge engineering specialists. - ' 
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THE BBIDQB SPEdALIST 

Spbgializatior in all lines of activity is the order of the day, and the 
movement bsa extended to the professions as well as to manufacturing 
and general business. A century or two ago it was possible for a learned 
man to accumulate a large share of all that was valuable of scientific 
knowledge, then later such a man had to content himself with knowing 
eveiythmg worth while in a single line of learning, but today he must 
devote his attention and enerig^es to a small subdivision of one of these 
lines. 

In lav/, besides the two general classes of trial lawyers and consulting 

hiwyers, there are specialists in corporation work, in criminal cases, in 
patents, in shipping, in pleading, in r;iih oadmg, in iusuiancc, in real estate, 
in conveyancing, and in i)( i>i)nal injuries. 

In medicine th(»re are six'cialists not only for many single diseases 
but also for (he exclusive treatment of ei^rtain diiTerent part« of the body, 
surgeons who do not prescribe mcdicinr, ])hysicians who never perform 
a surgical o])('ration, doctors who diagnose only, and mental specialists, 
besides others who are often considered outside the ]>ale of the true medical 
profession, such as osteopaths and mental science healers. 

In engineering there are also specialists, and their name is fast becoming 
legion. Years ago there were but two divisions in the profession, viz., 
civil and military; then the former became divided into civil, mechanical, 
electrical, architectural, chemical, metallurgical, mining, and marine 
engineering; but today each of these divisions is further divided. For 
instance, the modem term ''dvil engineering'' covers bridge engineering, 
hydraulic engineering, municipal engmeering, sanitaiy engmeering, rail- 
road engineering, highway engineering, and landscape engmeering. Even 
some of these specialties are becoming subdivided, for there are hydraulic 
engineers who devote themselves exclusively to water-works, others who 
confine theur attention to river improvement, and others who q>ecialise 
in harbors. Again, among railroad engineers there are some who do noth- 
ing but sm^ej'ing, others who attend solely to construction, and still 
others who are entirely in the line of operation or maintenance. 

Bridge engineering has been recognized as a s])ecialty for more than a 
quarter of a century. It was prol)al>ly the first branch of civil engineering 
to sctiregate from the general professional i)ractice; and, in consequence, 
it has become more highly developed as a specialty than any other line of 
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engineering work. Notwithstanding this, the general public is far from 
being convinced that bridge engineering i.s a sjKJcialty, and that bridpjos 
tehould 1)0 designed and their construction supervised by trained speciaihsls 
only. Many high railwa\ and city officials and promoters of important 
prujectcj appear to think that any kind of an engineer can design and 
supervise tiie building of their bridges, or that the designing can he done 
by the manufacturer of the superstructure metal and the field super- 
vision by any low-^alaiied engineer or surveyor. To this idea are due 
the facts that there are so many bridge failures throughout the country, 
that the life of an iran or stwl bridge is so short, and that one of the greatest 
of all railroad ejpeuKB is the renewal of metal bridges. Railroad officials 
and the public gekier^Uy, on aooount of these frequent renewalSy have 
reached the conclusioii that a steel bridge has to be replaced regularly 
erefy few yem, and hence there is no need to go to extra expeiiBe in its . 
design or ooostniction in order to obtain problematical improvements. • 
Sudi an idea ia entire^ erroneous, because liie failure and wearing out of 
the supentruetare of metal bridges are due primarily and almost eiclusively 
to faulty designing, especially ui the details. A modem steel l»klge care- 
fully designed by a firstr-class bridge engineer, constructed under proper 
supervision and thoroughly painted from time to time, will last for an 
indefinitely long period, even if it be materially overloaded. 

One of the moM serious difficulties that a bridge specialist has to en- 
counter is the necessity for convincing possible clients that his services 
have a real money value and are not in the nature of a luxury. Eloquence . 
may eiuil)le him to do so; but, if not, time surely will; because the user 
of a badly desigiKnl bridj^e. if he live the ordinary span of life of a business ' 
man, will inevitably learn that he has made a serious mistake in entrusting 
to inc<mipetent or inlerest^Kl parties the designing and the supervision * 
of the manufacture and erection of his bridges. A good proof of the 
value of a bridge speciatist's services is the fact that whenever a raihoad 
official has once employed a competent consulting bridge engineeri he 
will rarely ever build any more important bridges without retaining an 
expert to do the designing and to attend to the supervision. 

In the entire history of engineering construction no greater mistake 
can be found than the entrusting of bridge designing to the superstructure 
manufacturm; for naturally, with a few notable excepti<ms, thdor main 
object is to make all the money they can out of the contract, irrespective 
of the interests of the purchaser. Theur aim is to push the metal work 
through the shops as quickly and cheaply as practicable in order to turn 
out in any given time the greatest possible tonnage of metal. To do this 
detailing is simplified in every way, and the number of rivets is 
rf-<luc» d to an ai^solute minimum, nut only for shop work i>ut also for field 
work, a;> the manufacturer, especially on large bridges, generally contracts 
for the erection. Each rivet omitted means m) many cents saved, but 
usually the less the number of rivets in any connection the weaker the 
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detail, heooe wbat k gained the mamifaoturar and ereetor Is k»t by the 

owner. It needs only a very small reduction in th« required number of 

riveU for a connection so to reduce its strength as to permit of its wearing 
out quickly; consequently a few cents saved in a detail may not only 
shorten materially the life of a structure but also cause a frightful disaster 
with great loss of life. Again, the manufacturers' engiuccrs generally 
design bridge solel}' for the known stresses as shown on the stress sheet, 
and usually neglect to consider the effect of secondary biresses and that 
of vibration or impact, while the exf)ert bhdge q)ecialist always gives 
these important matters due consideration. 

The Quebec Bridge failure is a glaring example of the evil effects of 
leaving the de«ig"i»^ to the bridge manufacturer; for while in that case 
there was nominally a consulting engineer, he did not prepare either 
stress sheets or details, but entrusted this vitally important work to the 
manufaoturcfs. 

In oonneolioa with this great disaster an important question pertinent 
to the subjeet ol this chapter was raised fay an erroneous statement in the 
testimony of oiie of the witneaaesy and this sUtenwnt was indirectly endorsed 
editorially by Bngmming Nevm. Later in the ooiwnns of that paper 
the author ohallenged it, and as the matter is of gjnat importance to 
both the engmeering profession and its clients, his letter is here reproduced. 
It reads thus: 

"In connection with the invcfjtigntion ef i1h> QiipIxx" Bridge disa><t«T a point haa 
b^n raisfnl which, in ray opinion, is Ukely to {tro liir c :in <Tronooas inipre-ssion on the 
mindii of your readers. I, therefore, beg jH^ruiLSHiou to call attention to the matter 
and to give you my views thereon for publication. 

"IVom p. 476 in your imie of Oetober 31, 1 quote the folkming: 

*"Q, Do you consider that it is wise practice when building ii bridge of novel character 
and unprecedented dimensions to place the design of the structure and erf the 
methofis nf rroction in the hands of the mechanically triiiHil stall of a ooo> 
tracUng company, and, if not, why was this practice allowed in this case? 

"^A. In answer to this question, it Is the general practice in America to have the mechan- 
ically IraintKi statT of contracting companies prepare the working plans. As a 
rule, no engineer could afford to mamtain a staff of such character and no 
eotpofatkm would listen to a fee that would cover any such eipenee.* 

"And from your editorial on p. 587 in the issue of November 2b, I quote this statement: 

'* "Hin normal and proper way of con8tructin|; any great enginoering work whicli is 
done by contract is for two ensdoeehng organisations to work together. I'he one 
I ' C P Mwep ting the oontraetor and the other repro e en ting the purchaser can check each 
other's errors, can study the work from different points of view, and can produce a 
1)rf ter and more eoonomical leeuit working in ooH>paration than either coula working 
alone.' 

"If these 5;tatemeiite are not contradicted, the general piiblie will be led to believe 

that American bridge specialists are incapable of designing great bridges, that they 
Iiave to fall back on the sii[)erior (?) knowlwlgc of the bri'Itre coinpanit's. and that their 
soil fimction is to elu>ck the numerical work (and perhaps also the honesty) of the 
manufacturers' deaiigners. 

"Unfortunate, the old and still too prevalent custom of railroad companies of 
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havinp <^rP55j? ?hoct^ prepawi by their own onginecrs and of leaving the detailing to the 
briiigv uiaiiufactUFer8 leiid^ 8ome credence to tluA notion; but I beg to 8tdt« luoHt emphat- 
ically that any oansultiiig bridge wiginwr wlio is truly worthy of that distinguidwd 
appeBatiop te not only capable of preparing complete deaigna for bridgea of all IdndBi 
but abo makes an exclusive practice of ao doing. 

"The consulting engineer who preparea apecifications, or specifications and streai 
sheets, only, imd submits them to bridge manufacturers for the detailing, is shirking 
his work and is not earning his pay. Once in a wljile some railrotvd company, a 
matter of suppo^^fHl economy, insists that it^ designing niuist be done in thw nnmner; 
but the ri-tiull IS almost invariably uiu>alisfactory in that, if the engmecr fail not m his 
fiiDduty, hewindofarmoreworkthanheiapaidfor, andinthMthereaidtingatrueture 
is inferior to what the engineer wouM himadf have deaigned, beeauae the outcome aa 
tcgBfda the detailing ia invariably a compromise. On a few oocaaiona I hava been 
phoed in thia predieamenti and the result haa always been unsatisfactoiy. As a matter 
of fact, little or no economy results; for when the contractor dot^ the detailing, the 
cTKt thomvf must l)c borne by the purcha.ser just jls truly tus though the consulting 
inguiwr did the work and was paid directly for it; because this item is hidden in the 
total cost of the structure. Such economy as the practice entails springs from the 
liMi thafc tfaa eoBtnetor employs cheaper and lev competent men to do the work than 
the conaulting engineer doea. 

"Tliat the raiboad companies of this country are beginning to underatand thia matter 
is shown by the fact that a number of the principal systems have established bridge 
departments of their own for the purpose of preparine complete detail plans for all the 
new bndges required, as well as to superv ise the maintenance of old Btrueture,s. Again, 
many other railroad systems employ independent consulting engineers to do ail their 
bridge designiog and to supervise the construction of all important structures. 

"To the pnMStioe of letting the supecBtructure manufactufena prepare the plana of 
bridgea ia due the fact that 80 nuuiy raflroad atructures wear out and have to be renewed. 
Sudi atructuiea foil invariably in the details. An old bridge deaigned by a manu- 
facturing company ordinarily reachea the danger Umit when, according to the beat 
moilcm specifications for designing, it is overstresseil fifty (50) i>er cent, or in some cases 
even lc«^s; while a really scieatificaUy detailed bridge will be perfectly safe under much 
greater overloads. 

*'In defence of tlie few .Vmerican bridge specialists who can properly claim to be 
entitled 'oooauHing bridge engineers,' and who are entirely diaaaao^ated from the 
manufactureiB, my firm being inchided, I desire to atate that we have officea ao oiganiaed 
that the entire dewigning in eveiy detail of a structure aa huge and important aa the 
Qutbec Bridge, or even larger, would be done by us without any aid from the con- 
tractors. It is true that we might have to consult them occasionally as to the abiUty 
of their sliops to do certain work in a certain way; but most assuredly we should never 
have to ask their assistance in making the plans. 

*'A true bridge expert is an engineer who is thoroughly posted in every detail of 
designing and oonatruction, and who haa had ample experience not only in the designing 
office^ but abo in the rolling mills, the bridge shops, the testkig room, and the field. 
It V In the defence of aueh engineers that I am aending you this letter." 

It is not only in large structures that the services of the bridge .specialist 
are required. Small ones also need can ful, scientific designing, close 
inspection in rolling mills and shops, and tliorough supervision in the h( Id, 
if the purchaser is to obtain the full worth of his money. Accidents and 
failures are by no means confined to large structures — in fact, far more of 
tbem happen to small bridge than to hirge ones, not only because there 
are more ol the former than of the latter, but also because, as a rule, more 
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care is given to the designing, manufacture, and erection of large and 
expensive structures than is usual in the case of small anil cheap ones. 
Bridges as insigniiicant as rolli'il I-I)eam spans often miuire the trained 
judgment of the bridge specialist in their ilcsigning. This wjus shown once 
in the author's practice, wlun one of his chents, in order to save a small 
fee for designing, had a little ten-foot span designed by his railroad engineer, 
with the result that on account of his forgetting the heavy, siiip;l( -axle 
concentration from one of the jiasst npcer locomotives, some ten or twelve 
of these httle structures had to be strengthened by doubling the number 
of lines of I-beams. 

In the days when it was customar>' for railroad companies to call for 
competitive bids and to let their bridges by the lump sum to the lowest 
bidder (and, alas, this p<Tnicious custom has not yet quite passed out of 
existence) the evil effects of doing bridgework without competent engineers 
was more marked than it b today, as it is now usual to purchase railroad 
bridges by the pound ^ther ddivered on oars or erected. Still today 
the bridge specialist is needed not only to secure proper designs but also to 
protect his clients' interests against overcharge and fraud; because when 
bridges are paid for by the pound and when the designing is left to the 
manufacturer there is a great temptation to put in much unnecessary 
metal, generally in the main members instead of in the details where it 
might do good by stiffening the structure and increashig its resistance to 
impact. An amusing incident once occurred in the author's experience 
tiiat confirms the hist statement and illustrates clearly the necessity for 
disinterested engineering supervision. 

An engineer was engaged in compiling the records of weights of metal 
in bridges designed by one of the largest American bridge companies, and 
could not derive satisfactors' curves for his diagrams l)(>eause df the ^^^^^at 
variation in the weights per foot of structure. One day in despair iie went 
to the ( 'hief Engineer with a glaring case of viuiationand said : " How do you 
account for this? — here are two bridges of the same span, designed for the 
same live load and under the same specifications, and yet their weights 
of metal per lineal foot vary twenty-five per cent!" Ther^ly was: "My 
dear fellow, that is dead easy, one was built for a lump sum and the other 
fcHT a pound price." 

Even if the bridge companies were always perfectly honest in designing 
bridges, they could not obtain the best possible structures, because their 
designers spend their entire lives in the offices of the company and never 
see in the field how their bridges act under load; while, on*the other 
hand, both the independent consulting bridge engineers and the salaried 
bridge engineers of railways are continually inspecting defective structures, 
learning thdr weak points, and evolving methods of improviitg designs for 
new bridges. In this particular the oonsultang engineer has a decided 
advantage over his salaried brother, for the former's experience is with 
many roads, while the latter's is generally confined to but one. 
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There are yeiy few chief engiiieefB ol raU 
posted about bridgew»rk; and the higher audi men stand professionally 
the more ready they usually are to confess thdr ignorance and to call in 

speciiilists to aid tht ni in designing and building tluir structures. It is 
unly the small, narruw-gauge man who claims tliat he knows all about 
everything : aiul it stands to reason that, if a railroad engineer is really im 
exi^Tt on ]>ri<iges, he is almost sure to be deficient in general knowledge of 
ninny inijxn'tant brunches of enginitTing connected with railroad work; ' 
for nowadays life is too short to cover the entire field of professional 
knowledge and exjH rii nee in such a broad subject as railroading. When 
a railroad engineer claims that he is "a pretty good bridge engineer him- 
self/' aa he aometimes does, it ia aafe to put him down aa a jack of ail 
trades and a master of none.'' 

Kxcept in the case of verj' large and wealthy railway compaaieB which 
eao affoid to pay big salaries for engineering work, it is better for a railroad 
eompany to retain some bridge iqfieoialist or some firm of oonsulting bridge 
engineers to atten4 to all the engineering of its bridgework rather than to 
establish a oorpa of bridge engineen of its own. The reasons for this are 
asfoUowa: 

FinL The weak will be better done by a trained qieeialist than by a 
mediocre man working on a salaiy. 

Second. In ease of accident to a bridge involving loss of lifCi the rail- 
road company will escape more easily both publie censure and heavy 
damai^ if it can show that it did its utmost to avoid such trouble by 
empUA mg specialists eminent in their i)rof(^ssion to engineer its structures. 

Third. It is generali\' less exjK iisive in tlie end to pay sp(^cialLsts the 
regular standard p<Teentage fees than to maintain constantly on salaries 
a regular l>ritlge engineering force, because when the specialists are not 
working tor the company they are not paid, while the sihiries on month 
aft^-r month, year after year, regardless of whetlier the men are busy or 
idle; and it is not practicable to discliarge salaried bridge engineers when 
work rmis short and to pick up others when it is resumed, if one e3q)ects 
to have the w^ork done satisfactorily and effectively. 

Too often railroad companies deem that any cheap engineer who has 

1 a few years d experience in bridge drafting will suffice for their regular 
bridge engineer; and while they do not always learn it quickly, they are 
oontinuaQy paying for his mistakes apd lack of wide experience. A 
glaring case of this kind once came to the author's knowledge, in which 
the chief draftsman ol a bridge manufacturing compai^ was secured for 
a small aalaiy to act as bridge engineer for an important raiboad Qrstem. 
Some of the designs that he prepared were extravagant and others were 
absurd. For instance, m a long, high, deck bridge he widened at great 
expense the pieiB so aa to reduce their height and surmounted them with 
braced steel towers; and he evolved a hybrid truss, partly riveted and 
partly pin-OQfUiected, the pina being located on the axial lines for the 
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eye-bar diagonals but ecoentrie to those of the chords. The best shop 

work possible cannot ensure that for such construction the pin centres 
shall be in exact position, and as the eye-bar tliagonals were not provided 
with means for adjustment, the result is certain to be that some of the 
diagonals will hv loose and that others will be overstressed. The errors 
of this chea]^ engineer will eventually cost his company many times the 
amount of the fees that it would have had to pay competent specialists 
for doing the designing. 

When a railroad company employs a bridge specialist, it should have 
complete confidence in him and should leave all the details of the bridge 
work entirely in his hands, being guided by his advice and counsel in all 
matters relating to the structures for the line. Any interference with him 
in his duties will breed trouble and esqiense; and when the president or 
general manager thinks that he knows more about bridges than does the 
qiedallst, it is time to make a change in the manner of ii«»Miii«g the 
biidgewoik of the road; for no sdf-reepecting enisinfler should pennit 
unwBiranted inteif erenoe with his duties by way one, even the president 
of the railway. 

Examtdes of the ill effects of such Interference have occuired in the 
antiior's practice, amcmg which may be mentioned the fdlowing: 

On some foreign work the prendent of the road requested the lendent 
engineer, who represented the bridge specialists, to change the specifica- 
tions for building certain small piers and abutments so as to permit therein 
the use of lime instead of Portland cement. The resident engineer very 
properly objecU^d ami reported the matter to his principals, who refused 
in writing to make the* change; then, when the firesident insisted upon the 
modification, the\' airang(Ml to hav(^ the suiwTvision of the construction 
of all the said piers and al)utments taken out of their jurisdiction and trans- 
ferred to thai of the chief engineer of the railroad. 1 he result was that 
over one hundred thousand dollars' worth of substructure had to be taken 
out and n ])la( (d because it was not strong enough to carry even the dead 
load of the spans. 

In another case a design for a small bridge did not please the chief 
engineer because of alleged lack of economy due to excessive length of 
superstructure, and he persuaded the president to order it shortened. 
The original design involved a cheap buried pier at each end to siqiport 
a 50-foot, deck, plate-girder span, the middle ttpsji being of the same type 
but 70 feet long, and the intermediate supports being steel bents on 
little concrete pedestals. The alternative design, iHuoh in spite of an 
emphatic, written protest, was adopted, consisted of a 1254oot deek, 
open-webbed, riveted truss' span resting aa two high concrete abut- 
ments. The total cost of the structure was Increased twenty-five per 
cent hy the change. 

In another case the bridge engineers were compelled to use an inferior 
cement because its manufacturer would be an important patron of the 
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railroad; and when they tendered their resipiation they were begged to 
finish the work on the understanding that i\uy were not to be held re- 
sixnisible for the efficiency of the suhstrueture. While the concrete 
thereof hardened after a long time, the piers are eertainly not as good 
as they would have been had first-class cement bet u employed. 

In another case the superintendent of bridges of a railroad, to whom 
the bridge specialists reported, insisted upon the resident engineer raising 
the base of a concrete abutment, which rested on wooden piles^ two feet 
above low-wat^r elevation, simply because the excavation was endangering 
his old timber trestle. The resident engineer was weak enough to comply, 
Instead of reporting the matter to his principals, who would certainly 
have refused to permit the change; and the resuH is a pile foundation 
that some day may fail because the piles are exposed to the air. How- 
ever, as they are surrounded by earth up to the concrete and are likely 
to remain so, it is probable that the evU day is far distant. It would have 
been much better, though, to spend a few dollars on reinforcing the old 
trestle rather than subject the abutment of an otherwise truly first-dass 
bridge to the possibility of failure even in the distant future. 

The ideal bridge specialist is an engineer who has had a broad, liberal, 
gt ncrul education, who is a graduate of some technical school of high 
standing, who hiis had a varied experienci' in several other lines of en- 
gineering than bridges, who has a practical knowlwige of all the work in 
the rollintj: mills and bridge shops, who is fairly expert in testing materials, 
who is \ ersed in the commerciid as well as in th»' professional fi'atures of 
bridge building, who has served for several years in both office and field 
under some competent consulting bridge engineer before starting in 
practice for himself, who has developed sound judgment from being 
connected with the handling of large enterprises, who is both honest 
toward his clients and Cair toward his contractors, and who is not only 
eminently energetic himself but also capable of making every man under 
lum exert his best efforts on the work. The bridge specialist should 
have some knowledge of the law of contracts, should be expert in the 
preparation of specifications, contracts, esthnates, reports, prospectuses, 
and similar papers, and should be such a master of his own language that 
bis litmry productions are models of clearness, vig(Nr, thoroughness, 
eompleteness, and elegance ol diction. He should ever be both a student 
and practitioner of true economy in design and construction, and he 
should pay special attention to rigidity as well as strength. He should 
give due attention to ffisthetics in designing by beautifying in ever>^ prac- 
ticable way the structures that he jjlaiis and builds. He should also 
study til*' nction of old structures under passing loads not only to deter- 
mine conrcriiing their safety, but also to a-scertain their weaknesses so as 
to avoid them in future designs. He should be systematic in all that he 
does, and he should make a practice of so recording and filing that every- 
thing of value connected with his work may be readily found, in dealing 
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with contractors, while primarily protecting his clients' interests, his 
position should be judicial, in all basiness relations he should be tactful 
and polite, for otherwise he will either fail to accomplish desired results 
or will do so by the expenditure of much wasted energy and effort. While 
being caieful and painstaking in every detail of his work, he should know 
how to transfer to others the burden of such details and to see that they 
give them the neoessaiy attention. While conservative in guarding his 
clients' faiterests, he should ever be progressive; and, instead of being a 
worshipper d precedent, he should become an advocate and praetitioiier 
of legitimate innovatioii. And, finally, he should give to the engineering 
profession the benefit of his researches, discoveries, and <Mwiimiilft.»j»a 
knowledge by writing technical books, and by preparing papers for the 
engineering societies, instead of selfishly reserving such information for 
his own personal use and benefit. 

The life of a bridge specialist is by no means cas} % for like every one 
else he has his grievances; but he must learn to bear with those that an 
unavoidable and overcome the rest; and his governing motto should 
ever be ''integrity, thorougimesis, and progress." 
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OBDmAST ICATEBIALB OF BRIDOE CONSTRVCTIQir 

In this chapter there will be discuBsed rather concisely each of the 
ordinaxy materials employ^ in the construction of bridges, beginning 
with those for superstructure, then passing to those for substructure, shore 
protection, etc. Alloy steels, however, the use of which is a new departure 
in bridge building, will be reserved for the next chapter. 

Rolled Carbon Steel 

Ordmar>' rolled steel used for bridRC sujMMstructures is divided into 
three classes, \'iz., soft, medium, and liitrli, but the exact limits thereof 
are not accurately determined. Without laying oneself open to severe 
criticism, it may he stated that soft steel has an ultimate strength of 
from 50,000 lbs. to 60,000 lbs. per square inch ; medium steel from 60,000 
lbs. to 70,000 lbs. per square inch; and high steel from 70,000 Ibe. to 80,000 
lbs. per square inch. 

Soft steel is mamly used for rivets and adjustable rods, and medium 
steel for most of the other parts of bridges. High steel in the past has 
occasionaUy been employed for eye-bars in bridges of long span, but of 
late it has been replaced by nickel steel. It is legitimate to make pins 
and expansion rollers of high steel; but it is hardly worth while, for their 
weight is such a small percentage of that of the whole superstructure 
that it would scarcely pay to use a special steel for tlieir manufacture, 
unless it were really desiral)]e to reduce the diameters of the pins or the 
sizes of the roller bases. High steel has sometimes been empIoy(Ml for 
the manufacture of built members, but. n^dly, it is unfit for this i)urp()s<', 
as it is too brittle to witlistand properly the various manipulations to 
which bridge metal is subjecterl in the shoi)<. 

The current practice of xVmerican steel manufacturers is to make but 
little, if any, distinction Ix'tween the soft and the medium steels used for 
bridgcwork. They keep the ultimate strength of most of their product 
down to from 60,000 lbs. to 62,000 lbs. per square inch, their object in so 
doing being purely commercial. It costs no more to manufacture medium 
steel of strength between 60,000 lbs. and 70,000 lbs. per square inch and 
having an average of 66,000 lbs. than it does to manufacture a steel hav- 
ing an average strength of 4,000 lbs. or 5,000 lbs. per square inch less, 
excepting, perhaps, that the higher product is slightly more liable to 
fejections. As far as the manufacture of bridges is concerned, it really 
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costs no more to use the true medium steel than it does to employ the 
compromise product of the manufacturers; and the structures b^lilt from 
the higher metal are in every way as good and reliable as those built 
from the lower, while they have five (5) or six (6) per cent plater strength. 

One of the manufacturer's principal objects in using the softer steel for 
bridges is to avoid reaming the rivet holes; but such avoidance for any 
kind of steel is not good practice. No matter how soft the metal may 
be, it should be reamed: p^ima^il^^ so as to make the holes of the com- 
ponent pieces match properly; autl, secondarily, so as to remove most 
of the metal that is injured during the process of punching. Tliis qu(\s- 
tion is of such importance tliat it is dealt with at length elsewhere in this 
treatise. The composition and qualities of rolled carbon steel of all kinds 
used m bridgework are treated fully in Chapter LXXIX. 

In times past there have been many discussions concerning the rela* 
tive merits of Bessemer, acid open-hearth, and basic open-hearth steels. 
The author has always opposed the use of Bessemer steel for bridgework | 
on the ground that it is unreliable and subject to craddug, and today the , 
stand he has taken is confirmed by the established practice of the best 
American bridge engineers, who unanimously bar Bessemer steel from 
theur structures. For many years acid open-hearth steel was rightly con- 
sidered superior to basic open-hearth steel m that it was more rdiable, 
but the process of manufacture of the latter product has been so much ! 
improved that it is now superior to the former — ^in fact, it is today used | 
almost exclusively in bridge construction. I 

Those interested in the d(\signing and construction of nietiiUic struc- 
tures are often asked how much carbon there is in the various kinds of 
steel used therein, and generally the question remains unanswered be- 
cau.se of inability to reply, the reason being that the amount of carbon is i 
not specified by the bridge engineer, but is left to the discretion of the , 
metal manufacturer. The author, of course, has had for many years a \ 
general idea of the amounts used; but, in order to speak on the subject 
authoritatively, a short time ago he asked one of the high ofhcials of the i 
Carnegie Steel Company to state the amounts to him, and lie obtained ; 

in that manner the information given in the following table. i 

I 

Cabbon Stbel 



Ultimate Strength in 


ParemUKcs of Carbon in 


Pouncb per Squara Inch 


the Steel 


60,000 


0.25 to 0 :iO 


fiO.OOO 


0.30 to 0 li') 


70,000 


0 35 1o 0 40 


80,000 


0.40 to 0.45 


90,000 


0.45 to 0.50 



The amount of man;z;anese in such carbon strcls varies uniformly 
from 0.5 per cent in the soft steel to 0.7 per cent in the highest steel. 



Digitized by Google 



ORDINART MATEBIAiS OF BRIDGE CONBTBUCTION 47 



The ordinary metal sections employed in American bridge designing 
are as follows: plates, angles, I-htains, chaimels, flat^^, Z-bars, buckled 
I)iates, trough-sectiouis, corrugated plates, U-sectioos, tees, and rein- 
forciu^^ bars. 

Plates are rolled in wddth as great as eleven (11) feet, and in length 
up to seventy (70) feet for the narrowest and eighteen (18) feet for the 
widest sises, the thickneas being limited to two and a quarter (2}^) inches. 
Plates of even greater dimensions than these can sometimes be obtained 
by paying a special price for them. There are two kinds of plates used, 
vis., sheared plates and universal mill plates. The latter are limited in 
width to about four (4) feet. 

Angles are rolled up to the limit of eight (8) inches by ei^t (8) inches 
and up to a thickness of an inch and an eighth (1)^. For ordinary sections 
thQT can be obtained up to one hundred (100) feet and over in loogth; but 
for very heavy sections the limit is less. There is no hard and fast Ihnit 
of length given by the manufacturers; and it Is probable that for special 
cases great lengths for the heavy sections could be procured by paying 
a special pound price. It is not good policy, thuugli, to order s|x>cial 
sections or lengths for any rolled metal, because of the delays that are 
usually involved in the execution of such orders. 

Tlie ordinary' limit of depth for I-V)eams is twenty-four (24) inches, 
but the Bethlehem Steel Company on its list of special sections has beams 
of 26, 28. and 30 inches depth. That Company at first experienced seri- 
ous dithculty with its special sections; but it luis been entirely overcome. 
This is fortunate, because these very deep beams are a great boon to 
bridge designers and builders. 

With the exception of some eighteen (18) inch channeb listed by the 
Cambria Steel Company, but not yet in general use, none of the sections 
deeper than fifteen ( 1 5) inches have been employed. There is an impression 
prevalent that the deeper sections warp badly in cooling. There is no 
limiting length for I-beams and channels set by the rolling mills, and the 
bridge designer generally finds no difficulty in procuring these sections 
in as great lengths as he desires. 

Flats can be obtained up to any length and section needed in bridge 
designing. Z-bars are rolled up to sue (6) mches depth only and to a thick- 
ness of seven-eighths of an inch. As this type of section makes an 
excellent column, it is to be hoped that the American manufacturers will 
soon roll larger sizes. 

Buckled plates are manufactured up to four (4) feet in width and 
in lengths up to about thirty (30) feet, the rise being limited to three and 
a half (3^2) inches. 

Trough plates when riveted together form troughs al)out six (G) inches 
deep with a distance of eight (8) inches between centres of adjoining 
sections. 

Corrugated plates are rolled in width from eight (8) to twelve (12) 
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inches, id thickness up to one-half (3 2) inch, and in rise from one and a 
half (1^) to two and three-quarters (2^) inches. 

These buckled and corrujiatcfl plat^ are mainly uso<i to support pave- 
ments of highway bridges, and ttie trough plates to carry railway ties in 
ballast. 

H-scctions hiivc been rolled in America for a few years only, but they 
have been procnral)le from Europe for hohio time. They make excellent 
small columns for liijz;hway l)ri(lii(\s and can 1m' used for diaphragms ol 
heavy built columns. Th(\v arc procurable up to fourteen (li) inches in 
depth by fourteen (14) inches in width. It id probable that ttiey will be 
lai^ely used in future by 1»ritl;j;c (lcsi<;nt ! s. 

Tees are very seldom required in bridge designing. Formerly they 
were employed for plate-girder stiifeners, but of late years they have been 
superseded almost entirely by angles. 

lU'inforcing bars are made of various tj-pes and sectionB, some good 
and others but little better than plain bars, of which many as yet are 
used for rmnforcing — especially in I'^urope. The best kinds are the cor- 
rugated ones, but there b a choice between these, those having transverse 
corrugations being preferable to those having longitudmal comigatioiis. 
Square, twisted bars are inferior to corrugated ones, and it is dotibtf ul whetli- 
er they are superior to plain bars. Reuiforcing bars are rolled in both high 
and medium steels, the principal advantage of the former being an economy 
in weight of metal, and the advantages of the latter a greater facility for 
fabricating m the field, a less brittleness, and occasionally a trifling saving 
in pound price. The author's invariable practice is to use medium steel 
for reinforcing bars. 

Besides the preceding sections there are employed sometimes in bridge- 
work the following: sheet-piling sections, bulb angles, luund-back angles, 
rail-guard angles, s(iuarc-r()ot angles, and hand-rail tecs, all of which can 
be found thoroughly illii.-^t rated and described in the haudbookb of the 
various manufacturers of roiled metal. 

Cast Stbel 

The composition of cast steel varies but littk? from that of rolled 
medium steel, except that the carlM)!i fontent and the permissible yv-r- 
c<>ntages of certain impurities are a triile higher. In strength it lies about 
half-way between the medium and the high steels. For many years it 
wa,s almost impossible to procure cast steel suitable for bridgework, owing 
mainly to blow-holes and other serious flaws in the castings; but today 
it is otherwise, for now one can count upon obtaining satisfactory M^ln^^ 
without an undue amount of trouble. Unfortunately, though, the high 
price of steel castings, which until lately i^>pearcd to be unavoidable, has 
prevented their adoption to any great extent in bridge building; but 
there is a tendency today on the part of the manufacturers to substitute 
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Q^i steel shoes and pedestals for built oik's, and the pound prices for 
machinerj' castings have l^een loworcd. It is now feasible to rivet steel 
castings to other metal work without running any serious risk t)i cracking 
them. They are highly desirable for certain parts of movable bridges, 
and their wider adoption is proi)al)ly only a matter of time. It is by 
means of steel castinirs that the articulation of compression chords of 
bridges may be accomplished — which, in the author's opinion, is a desid' 
eratumol great importance for the science of bridge desigomg. A reference 
to this point will be found in Chapter XXII. 

Cast Iuon 

As a rule, it is best to bar out cast iron from bridge building; never- 
theleas there are places where it may legitimately be employed— for in- 
stance, in heavy base-plates that rest on masonry and which are used 
for the purpose of disl^butiing great loads over large areas, in counter- 
weights, in wood-washers, and in certain bearing blocks for operating 
machinery. None but the very best quality of cast iron should be em- 
ployed for bridge building, excepting of course in count^weights where 
is the sole deMeraium. 

Wrought Iron 

Wrought iron nowadays is rarely used in bridge building. Its sole 
function there is for the manufacture of loop eye-bars, which have to 
he welded. Wrought iron is greatly superior to steel for welding pur- 
poses; hence it is still employed occiusionally for hangers and suspenders 
in highway bridge buiKling. It has anotlier feature of superiority to 
steel in that it resists corrosion far better. If it could be purchased at 
about the same price as steel, it would be advisable to adopt it in places 
where resistance to deterioration rather than strength is the main func- 
tion of the metal; for instance, in the shells and bracing of cylinder piers, 
aad where the metal is to lie in or close to salt water. The wrought iron 
employed in bridge building some twenty-five or thirty years ago was 
generally a most superior metal, as is evidenced today by its demand 
for blacksmith shops when the old structures are removed. 

Wire Rope 

There is an unfounded prejudice on the part of many engineers and 
users of bridges against the adoption of wire rope in bridge building; for 

when it is of the proper quality, it is just as desirable and useful as any 
other of the materials employed therein. For nioval)le sp;nis it is emi- 
nently suitable, as it affords a chea|)er and more reliable means of opera- 
tion than does the rack-and-pinion method. None but the strongest and 
most pliable wire ropes manufactured should be used in the building of 
bridges; Ix cause the diiicrence in price between a good and au inferior 
rope is a bagatelle. 
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Wire rapes are made m\h both hemp and wn centres. The former 
are generally the better for l»idgework» unleaB the feature of non-etreteh- 

mg is of importance. All wire ropes will stretch more or less under use, 

h\ii thovse with hemp centres far more than those with wire centres. On 
the other hand, tlie latter require much larger sheaves than the former, 
and these details are expensive. For the cables of suspension bridges 
the bending of the rope is not an important consideration, hence wire 
centres are advisable, not only because of their greater strength, but 
principally because the stretching of the cables would l)e objectionable. 
Sucit stretching is generally small in standing cables; nevertheless it does 
exist, lor the component strands tend to close u]) even in stationary' ropes. 
Every engineer who purposes using wire rope in his constructions should 
not only post himself thoroughly about the qualities and characteristics 
ol the different kinds procurable, but also should familiarise himself with 
the correct methods of figuring and combining the various sUeMW i i to 
whioh they are subjected by both direct load and beoding* 

WiBB 

Wire Is used for bridgework also in r^nforo^ conerete and in mat- 
tresses. For the former, strength is the prime requisite, but for the latter 
it is pliability. Wire mesh is employed in concrete piles and for cheap 
fences or railings of highway bridges. 

Copper 

Copper is utilized but little in bridgework. Its use is confined mainly 
to electric wiring of operatmg nubchineiy and to building the gutters and 
down-epouts of machinery houses. 

Bhonzb 

Bronze is used in bridgework only for high-pressure bearings; for 
instance, in th(i pivot sockets of centre-bearing swing spans, or sheave- 
joumaLi of vertical lift bridges. 

Babbitt Mbtal 

Bal)bitt metal is sometimes adopted for machinery bearings, but its 
principal use in l)ridge building is for filling sockets in the attachment 
thereto of wire rope. It is melted and poured in between the spread anel 
turned-back ends of the individual wires, thus preventing their y)ullinjc: 
through the eye. Of late zinc has largely replaced Babbitt metal for 
hiliug sockets. 

Tm Platb 

Tin plate Is employed in bridge building only m the covering of the 
roofs of machinery houses. It b important to specify the best quality 
Uiat the market affordsi as there is no eccoomy in usmg an inferior artieie. 
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Lead 

Lead is sometimes adopted to procure an even bearing between metal 
and maaanry, but as tlio pressure mnkes it flow into the interBtioes of the 
atone, an objectionable splitting tendency results, hence the practice is 
not to be recommended. Lead is also employed to exclude water from 
the expansion joints in concrete floor-slabs; but otherwise it is not mudi 
used in bridgework. As there is no other use for lead in bridge building, 
that metal may properly be excluded from the list of materials employed 
in bridgework. 

Paint 

This is such an important material for bridges that an entire chapter 
(No. XXXIY) is devoted to its discussion. 

Pau^t-Sjllns 

Paintrflldns are utilised for filling small spaces in metal work before 
the protective covering is applied. Asphaltum is sometimes used instead. 

AsPHAur 

Asphalt is employed in bridge building mainly for pavements; but 
whvn mixed with pitch, it is ustnl between the layers and in the cracks 
of planking and in coating bolt-holes in wood. 

Fitch 

Fitch is used in bridges for protecting wood and for caulking caissons. 

Oakum 

Oakum also is used for the latter purpose. 

Feut 

Felt Is utilized in bridge building; mainly for expansion joints in con- 
crete and for placing, when covered with hot asphaltum or pitch, between 
the two thicknesses of plank flooringi or under pavements to prevent 
leakage. 

A8B18T06 

.•Vsbestos in the form of cloth is sometimes employ ea instead of felt 
for the expansion joints in concrete work. 

Plaster 

Plaster is used in bridges solely for the walls of the machinery houses. 
Only the very best quality that the market affords should be purchased, 
because Uie .vibration of the machinery has a tenden<^ to loosen the 
plastering. 
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Timber 

Timber was formerly used in l^ridge construction far more extensively 
than it is today, entire bridges — both substructure and superstructure- 
being built of it almost exclusively, but nowadays its employment is 
gradually being reduced. This is because of three good reasons: first, its 
perishability; second, its increasing scarceness, and, third, its conse- 
quently augmented price. In the days of the Howe truss bridge it was 
the builder's most unportant material, for the trusses of that type were 
constructed mainly of timber; but today wooden bridges are built only 
in the most remote districts and in communities where there is not suf- 
ficient money available for steel or concrete structures. It is still em- 
ployed largely for trestles, both railway and highway, and will continue 
to l)e so used until the price of timl)er Incomes prohibitory, the daj' for 
which is not far distant. It is cnij)loyed Inr^icly for piling, but even there 
it is iM'ing gradually replaced by reinforced concrete. 

The kinds of tiniluT most used in l)ridge IniikUng are the lon^-leaf 
yellow pine of the Southern Stat(»s and tlie Douglas fir of the Pacific 
Coast. Both are excellent. Oak used to he (employed a gmxl deal for the 
track ties of railroad bridges antl for the flooring of highway structures; 
but it has gotten into disfavor among bridge builders for several rea.son.s, 
viz., its tendency to warp and split, its liahility to dry rot, the exhaustion 
of the better kinds, and the augmented price of the inferior species. 
The good oaks are the white, COW, chincapin, post, burr or overcup, and 
live oaks. The bad ones are the red, Spanish or water, black, black-jack, 
and pin or yellow-butt oaks. 

Short-leaf yellow pine is allowable in bridgework only where it is to 
be kept permanently under water, as in cribs and caissons of piers. It w 
too short-lived and brashy to be used elsewhere, unless it be for the in- 
terior finishing of machinery houses, and for this purpose other materials 
are generally preferable. 

Cypress of certain kinds is valuable for piling l)ecause of its durability, 
straightness, and great length; but for most places it is a rather expen- 
sive timber to adopt. Ked, black, and yellow cypresses are good, but 
while cypress is not. 

Pacific ("n;t-t cedar is an excellent timlx-r for piling. It coiiid l>e 
for other j)uri>o-^i s, and might be, were it not that Douglas fu* is preferable 
and just as avaihii>l<\ 

Timl>er has, of late years. Itecome so scarce and exiK'nsive that it gen- 
erally pays to treat it. the Ix-st preserving process for bridge timber being 
that of creosotin<^'. S|H'citications for this method of treatment are given 
in Chapter L.X.XIX. 

Timber st ill continues to be us*hI largely for highway bridge floors, but 
it is gradually being replaced by .sttH'l or reinforced concrete for the joists 
and by reinforced concrete for the plauks. It will long continue to be 
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employed for the decks of such stniftiirrs, a,<< croosot^d yellow-pine blocks 
make the best kind of pavement for )>ridge8. Timl>er is still the principal 
material for building the cribs and caissons of piers, but steel Bhells filled 
with concrete have been employed occasionally for more than a qufurter 
of a century; and today rewforced concrete caissons have been estab- 
lished as more than a possibility. Timber for ties in nuboad bridges will 
probably hold its own for many years, owing to the cushionmg effect of 
that material, but the time will certainly come when something else 
must be used. 

Brttbh 

Brush is employed in bridgework for the buiUling of mattresses to pro- 
tect the i)i('rs nnd tlie river banks from scour. The best kind of wooil 
for brush is willow, the requirements being strength, toughness, and 
pliability. Specifications for it are given in Chapter LXXIX. 

Stone 

There :ire two general chisses of stone used in bridg<^ building, viz., 
masonrv* stone and broken stone for concrete. It was otily a few years 
ago that piers and arches were built almost exclusi\'elN- of stone masonr>% 
but today nearly all of them are being constructed of concrete. The best 
kind of stone for masonry is granite, but at the same time it is nearly 
always the most expensive, owing to the high cost dressing. The 
better kinds <^ limestone are the next best stones for masonry, and are 
the ones generally employed. Sandstones usually are the poorest, but 
there are certain metamorphic sandstones that are as strong and as dur- 
able as granite, but at the same time they are about as expensive to work, 
owing to the absence of cleavage planes. Specifications for masonry stone 
are given hi Chapter LXXIX. 

The main requisites for concrete stone are that it shall be hard, clean, 
and durable. A certain amount of impurity does not injure it materially; 
buty in general, it may be stated tluit the cleaner the stone the better 
will be tlu* concrete, nuiwitlistuiidiiig the fact that certain experiments 
have shown that concrete made of dirty stone is stronger tluui that made 
of the same kind of stone aft»T being washed. The impurity generallj^ 
con^sists of clay. If this is niixi'd uniformly throughout the nia>^s. it will 
do but little harm, and may even apparently do some good; but, unfor- 
tunately, it generally adheres in small lumps to tlie stone, and these 
oertaiidy reduce the resistance to shear and injure the tensile strength. 
Stone dust, or, as it is sometimes termed, "quarr>' dust," is not an im- 
purity, for it acts like sand in the concrete. Smooth stone is inferior to 
rou^ stone for making concrete. Stone is occasionally used for the pav- 
ing of bridges; but, owing to its great weight, it generally involves too 
much expense for steel superstructures. It is eminently suitable for ma- 
aoniy arches or reinforced concrete bridges, where a large dead load is 
not objectionable. 
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Brick 

Brick is not much cinplDycd for hridj^c construction in America ; never- 
theless well-buiU piers of hard-burned brick laid up in rich Portland cement 
mortar are truly first-class ixwstructioiis. They can be adopted advaii- 
tageously in places where stone and gravel are either not procurable or 
very expensive. Moreover, brick-bats, when 1)r( ik(>!i small enough, make 
pretty fair ooncretOi provided that no soft bricks be allowed. 

GSAVSL 

Gravel is suitable for the principal ingredient of concrete, although it 
does not develop as great strength as broken stone. Thb may be due to 
the smoothness of its surfaces or to the lack of locking power, which 
broken stone possesses to an eminent degree. A certain proportion of 
gravel may be added to broken stone with advantage, in that the addition 
will decrease the percentage of voids in the mass and thus lessen the 
quantity of cement requured. Gravd should be clean and free horn all 
impurities of a chan^to that would be injurious to the concrete, such 
as chips of wood and pieces of bark. The roui^er the pieces of stone 
and the more varying then: sises the better. In general, it is preferable 
to use broken stone for concrete, when it is procurable at reasonable 
expense, and gravel in other cases; but when a bed of sand and gravel 
mixed in about the nght proportions for concrete is available, the temp- 
tation to employ the mixture is hard to resist. 

Gravel that is too dirty for concrete can often be wai>hed at reasonable 
expense and thus rendered a unable. 

Shells 

Oyster shells are sometimes used instead of broken stone or gravel 
for making concrete; but the practice is reprehensible, for such shells are 
not strong enough. The strength of a concrete is a direct function of the 
strength of its main ingrpdiont, hence an engineer should avoid trouble 
by refusing to ( injiloy a \v( ak material therefor, even if all l>etter materials 
available be much nicH-e «\\j)ensive. Of course, shell concrete can be em- 
ployed as a la.st resort; but it should be loaded lightly, and, in many 
cases, more of it should be used than would be the case were a first-class 
material adopted. 

GiNDBBB 

Cinders are sometimes used in the concrete floor-slabs of bridges, but 
they are just as objectionable as shells, if not more so. The only excuse 
for eraployinir cinder-concrete is to rednce the di ad load; and this reduc- 
tion is obtaineti onh- l\v leaving voids, iu the mast) — which, for obvious 
reasons, is objectiooabic. 



Digitized by Google 



ordinary materials of biudge construction 55 

Sand 

Sand is a very important constituent of ooncrete or mortar. The use 

of a poor sand will often reduce the strength of the product as much as 
fifty per cent. Sand should be coarse sharp, and clean. Very fine sand 
or quicks:ind in concrete Is liable to ruin it. Sand can often be improved 
rn:it(rially by washing;, as tlmt process, when properly applied, carries off 
must of the impurities. Sand with smooth, rounded grains docs not make 
emxi concrete or good mortar. The best sand for these that is found in 
natun* is one that has sharp corners and rough surfaces, with grains of 
all .^izos from coarse to veiy fine, and in which the percentage of voids 

is a minimiim- 

Ceicbnt 

The importaiice of using first-class cement for both ooncrete and mar 
soniy eaimot be too forcibly emphasised. A barrel or two of bad cement 
miglit be the means of causing the destruction of a bridge and untold 
disMter in consequence. There are in the market today plenty of really 
good cements; hence there is no excuse for ever employing a poor one. 
Ibe f areigQ cements used in America, as a rule, are more reliable than 
American cenwnts. There are .two reasons for this: fiist, the manufao- 
toRfs thereof have had more experience, and, second, the long sea voyage 
allows ample time for thorough hydration. A great deal of American 
cement \b shipped hot from the mill to the consumer; and if he has it 
prt)perly tested, he will often find that it will not stand the steaming and 
I'oiiiiig tests, and that the pats made of it will either crack or tail to harden 
as they should. The autiior has had much trouble and unpleasantness 
with l)oth s\i bstmcture contractors and the manufacturers of cement on 
thus account; and he exj^ects to have more in the future because of the 
inexcusable custom of putting on the markrt cement that hiia not weath- 
rred. How seriously such ceoK^nt injures the concrete is hard to say; 
but no conservative engineer will be guilty of taking any chance by using 
an inferior article when one of known excellence is procurable. 

In the old days of bridge building much natural or so-called Hosendale 
or Roman cemeit was employed; but it was always inferior in strength 
to Portland cement, and as the price of the latter has been reduced to a 
veiy reasonable figure, there is no further need of ever considering the 
natural cements for bridge construction. 

The specificatioiis for cement given in Chapter LXXDC are quite 
reasonable in their demands, and at the same time th^ will provide a 
■ulBeiently good material for all purposes. Any cement that develops 
Its stren^ very raindly should be regarded with suspicion, because, if 
tested for a period of several months, it will ahnost certainly show a de- 
cided drop; and this loss may or may not be recovered later. Some cem- 
cnls set too rapidly for bridgework, hence puns diould be taken to 
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determine quite often the times required for setting. New brands of 
cement nerd more thorough testing than old brands of established repu- 
taticm. No American cement should ever be used without testing, and 
ikuopeail cements should be testcnl also, if practicable; but if one is m a 
hunyi be would run no great risk by using without testing for more than 
one day any European brand of cement of established reputation, provided 
each berrel be carefully examined for injuiy 4>y water. The author onoe 
employed on one jneoe of work some sixty thousand barrek of a well- 
known brand of Gennan Portland cement without having to reject a 
snigle barrd, ezceptmg a few in wbkHi the contents were caked from 
exposure to rain. 

Lime 

No man who deems himself a bridge engineer will ever consider for a 
moment the use of lime in any of his structures. It is a material that is 
entirely unsuitable for his purpose. The only reason that could possibly 
be advanced for its onplpyment is eoonomy^--and such economy would 
certainly be false. When mixed with cement, lime lowers the strength 
of mortar very rapidly, and ^riien employed alone it is totally unfit for 
use in any kmd of engineering construction. 
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ALLOT STEELS IN BBIDOEWOBK 

The use of alloy steels for bridgework is such an important matter 
that it swms advisable to devote to it an entire thaptci , tlius segregating 
them from the or(linar>' materiiils of bridge construction, which were 
treated in the preceding chapter. 

Alloy steels are almost always more expensive than orchnaiy steel, 
but they are generally stronger; hence, in order to ctlVct ;my c<>rtain 
l^urpose. it usually does not require as much weight of iiu tal as if the 
said onlinary steel were employed. The proper adjustment of the lesser 
weight to the greater pound price will determine the economy or lack 
of economy in employhlg the alloy, excepting only in those minor cases 
in which some other characteristic than mere strength, such as hardness, 
resistance to abrasion, or smallness of volume, necessitates its adoption. 

Late in 1914, in compliance with an invitation from the IntematicHial 
Engineering Congress of the San Fhincisco Exposition, the author pre- 
pared a piqier entitled "AUoy Steels in Bridgework"; and as that paper 
aims to cover concisely in a general manner the whole ground of the 
subject, It is herewith reproduced as follows almost in its entirely, omit- 
ting only the opening paragraphs. For the convenience of the reader, 
the fsyvbem of numberhig the figures and the tables has been changed 
to agree with that in the other chapters: 

"It was but a dosen years ago that the alloy, nickel steel, ]n%im to be 
talked of seriously for bridge building. Before the days of metlium steel, 
however, a few large l)ridges were constructed of sjjecial steels, notably 
in Anii i i« a, the Eads Bri<lge of St. Louis, Mo., an»l the Chicago and Alton 
Railway bridge at Cdasgow, Mo. The latter was of Hay steel; and 
although the aullior worked for a .short tinif in a subordinate capacity 
on the struct ure, he has forpott<'n the comjx i<it i< iii and tiie characteristics 
of tlie metal, except, perhaps, tliat it was miln r high in carbon. Be this 
as it may, the matter is of no special inij^ortance; because that m.ake of 
st^l, as £ar as the author knows, was never again used in any important 
bridge. 

"The term * manganese steer for bridgework is somewhat in the nap 
ture of a misnomer, for all bridge steel has to contun a certain amount 
of manganf'sc (generally from 0.5 to 0.8 per cent) in order to make it 
workable in the mills and otherwise satisfactory; but when a bridge 
pnginefr uses the tenn, he means a steel very iugh in manganese, and, 
consequently, excqitlonally hard. Such a steel or alloy is employed for 

67 
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rail-locks and for those parts of the operating machinery of movable spans 
where p^reat resistance to both abrasion and shock is the principal 
desideratum. 

"Chrome steel, an alloy of chromium with steel, the author has heard 
of as being used fur this purpose, but not at all generally on account of 
its high price. 

''C'hrome-nickel steel has also been employed somewhat for spiM-ial 
castings in bridge maehiner>', but its principal use is for the manufacture 
of aeroplanes, automobiles, transmission lines, and geariog. 

"In most cases it is necessary to submit these various alloys to heat 
treatment in order to increase materially their hardness, elastic limit, 
and ultimate strength. The price for ftftafrjuga or foigings of such aLioys 
generally varies from 8 to 13 cents per pound, according to the amount 
of shop-tooling requked. Such prices, of course, are prohibitory ior 
bridgewotk, excepting only for small but important parts of operating 
machineiy and for detaib requiring great resistance to abrasion. 

"Some manufacturers claim to be able to produce aUoy steels haying 
elastic limits as high as 250,000 lbs. per square inch; but it is imprac- 
ticable to shop-tool them when the elastic limit exceeds 150,000 lbs., or 
when the ultimate strength is greater than 200,000 lbs. Such metal might 
possibly be required for bridge pins and their bearings in order to meet 
certain extreme conditions; but the prol)ability of such requirement is 
exceedingly remote. Moreover, b]i<lji,e engineers, as a rule, are loath to 
concentrate great stresses on members of ver\- small cross-section Ixicause 
of the proportij)nately great effect thereon of any undiscovered small 
cracks or Haws which may exist in the metal. 

"W hile nickel steel was talked of for bridgework in both Eui'o|)e and 
America prior lo llUri. it was not employed therefor. In that year and 
in 1903 the well-known consulting engineer and bridge specialist, Mr. 
Gustav Lindenthal, started some experiments upon the use of nickel 
steel for the eye-bars of the Black well's Ishmd Bridge at New York City, 
reporting favorably thereon. Later, after trying hard to avoid its em- 
ployment, tlie city authorities decided to adopt the alloy for the said 
^e-bars; and the bridge was constructed accordingly. This was the 
first actual use of nickel steel in bridgework. 

"In 1903, before the city authorities just mentioned came to their 
decision, the author inaugurated an exhaustive series of experiments and 
investigations upon the subject of the suitability of nickel steel for bridge 
buUding in general and its economics therein. In spite of many trials 
and tribulations, and in the face of strong opposition and great discour- 
agement, he succeeded, after more than three years, in completing most 
of the work which, at the beginning of his undertaking, he had laid out to 
do; anil it refpiired some three months more to digest the results and to 
prepare a report for his principals, who were the International Nickel 
Company. That corporation financed the entire undertaking, spending 
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aHogether upon it neariy S50|000.00. As soon as the report was ecnn- 
pleted, the author devoted several numths to the preparation of a iiioiii>- 
graph upon the subjecti and presented it to the American Society of Civil 
EngiiieerB. After taking considerable time for deliberation, the Public 
eatioa Committee of that Society rt^jccted the paper vnthout giving any 
reason therefor. Fdkiw members of the Society especiaUy interested 
in brid^work urged a reconsideration of the matter— which ftuised the 
Coimiiittet' to reverso its original decision, provided that the author would 
apfn-c Xn cut down iii;iti ri;illy the vohime of the original memoir. The 
reduction wms ;i('coiiij)li>lu'il \)\ iuiiitling .some of the records of tests and 
nil tlie diagrams and text relating to the economic study ul luidges built 
wiiuily of nirkcl steel, n taining only those concerning structures built of 
mixed nickel sieel and carlnoi steel. The original (rejecte<l) memoir con- 
taining all records and diiigrams is on file in the Society's library, where 
it can )xi consulted by any one interested in this subject. The paper in 
I (hie time appeared in the Society's 'Proceedings' and was discussed by 
thirty or more engineers, both American and' Euroj^ean; and finally it 
was published with the discussions in the 1909 'Transactions' of the 
American Society of Civil Engineers. Later the author of the memoir 
was awarded the Nonnan medal, because of its being the best paptf 
presented in that year. 

'"The entire investigation proved (at least to the author's sa1»slaction 
as well as to that of a large majority of the engineers who entered into 
the discussion) that nickel steel is in every way a suitable metal for the 
manufacture of bridge superstructures, being just as reliable as carbon 
steel and from 50 to 70 per cent stronger. The correctness of this state- 
I ment is proved by the fact that the alloy was used later not only in the 
Blackwell's Island Bridge befote referred to, but also m the Manhattan 
Suspension Bridge at New York and in the Free Bridge at St. Louis. 
The la-st-mentioned structure wtis designed and engineered by Henry^ 
W. Hodge, llsq,, one of America's most noted bridge specialists. A^ain, 
the new (Quebec ]lri<lj;e, which will contain the longest span in the world, 
viz., 1,8(A> feet, is being ]iartially constructed of nickel steel. 
I "The author found l)y his exp<'rinu?nts and in\ e,>t i^ations that it is 
' perfectly feiu^il»le to produce commercially an eminently sal i-f.n'tory 
i nickel steel for bridgework, having a minimum elastic limit of r.o.iMHi ll^s. 
lK*r sfjuare inch, a minimum ultimate tensile strength exceeding UKJ.OOU 
lbs. i>er s<|uare inch, and an elongation in eight inches of fifteen (L5) 
ix»r cent. The actual extra cost pet pound for this metal, delivered at 
I trid^e site, as oompered with ordinary carbon bridge steel, he figured 
Hbould not be more than 1.5 cents. Unfortunately, however, the steel 
makers and bridge manufacturers, lieing opposed, naturally, for pecuniary' 
reasons, to fundamental innovations in their business, have not responded 
' to the call of the bridge enflpneers for a nickel sted of great strength at a 
^ moderate price> preferring to continue without interruption the produo- 
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tion and manufacture into bridges cf the cheaper carbon steel to which 
they are accustomed. For years th^ have made a practice of refusing 
to guarantee for xdckd steel an elastic limit of more than 50,000 lbs. 
per square inch; and th^ have asked therefor an excess pound price of 
firam 1.5 to 2.0 cents. Mr. Hodge paid 1.65 cents per pound extra* for 
his nickel steel in the St. Louis Bridge; and the price named for the alloy 
in the new Quebec Bridge was so higli that it was found economical to 
use it only for the truss members of the suspended span and the canti- 
lever arms. It is true that by adopting carbon steel instcMd of nickel 
steel for the ancliur arms of a cantilevi i- britl^e, the weight of those arms 
is increasetl, and, in consequence, the stresses on the anchorage metal 
and the uplifts on the anchor piers are reduced, but these results could 
probably be obtained more economically in some other manner- for 
instance, by adoptiiiig a ballasted floor for the traclLS on the anchor 
arms only. 

"In the case of his proposed bridge across the entrance channel to 
the harbor of Havana, Cuba,* the author, by great effort, succeedeil in 
persuading the Carnegie Steel Company and the American Bridge Com- 
pany to agree to furnish him with nickel steel having an elastic limit of 
55,000 lbs.; but the eictra pound price demanded for the manufactured 
metal was 2.5 omts. With these figures it was an exact standoff 
between nickel steel and carbon steel for both the suspended qpan and 
the main structure as a whole; but as the said suspended qsan will 
have to be built on barges, floated to site, and raised by wuc ropes to 
final position, the author concluded to adopt the allpy for that portion 
of the superstructure. He found also that it would involve a trifling 
economy to use it in the cantilever arms, but not in the anchor arms; 
hence he has decided to follow the same course as the designers of the 
new Quebec Bridge did in relation to their great structure. 

"The com^xjsitiuns of the various classes of nickel steel for bridge- 
work recommended by the author, in view of the results of his experi- 
ments, were as given m the following table; 

TABLE 4a 

C0UFO6ITIONS OF TUK Vauiolh CLAf58i;:.s OF NicKKL Stkkl ¥X)n BaUKiES 





PiflU'BNTAUKU 


fmimdlMti 


RivsiStMl 


1 FlateHnd-Slttpt StMl | 


Ey»4wr S 





Nickfi I A. .w a . 25 t n s 7:)) ' :i . r>o a . 2.") to 3 . 7r») 4 . 25 (4 . 0 to 4 . f)) 



Carlx)n. . . . 
Phosphorus. 
Sulphur. . . . 
Silicon . . . . . 
Maogancse. 



0. lo lO. 12 to 0.18) o.;is (0 ;u to 0.42; 



0 .o:i Max. 

0.04 Max. 
0.04 Max. 
0.60 (0.56 to 0.65) 



0.03 Max. 
001 Max. 
0.04 Max. 
0.70 (0.65 to 0.75) 



0.4.') (0 4 to 0.5) 
0.03 Max. 
0 Max. 
0.04 Max. 

0.80 (0.75 to 0.85) 



*See Fig. 52a for photograph of proposed structure. 
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"The rivet steel specified is as high in carbon as it is practicable to go, 
is view of the fact that rivets must not be too hard to cut out when badly 
driven. 

''The carixn percentage in the plate-sndwdiape steel is as high as will 
pennit of the metal being worked satisfactorily in the shops. 

"The percentage of nickel in both the rivet steel and the plate-and- 
duipe steel is as high as considerations of both economy and workability 
allow. 

"As the phosphonis, sulpliur, iind silicon are in tlio nature of inijuiri- 
ties, their percenUigcs are kept as low as is e< insistent with eeonumy in 
smelting; hi eause it is expensive to reduce the siiid impurities below 
the fi^iro« shown — in fact, even these have raised obieetioDs among some 
steel makers, 

"In eye-l>ar steel it is permissilile to make the metal harder than in 
plate-and-shajK? steel, because the shop tooling on eye-bars is small in 
amount and of simple characvcr; hence the percentages of both nickel 
and carbon, adopted above therefor, are quite high. The extreme limit 
specified for the nickel, vnz., 4.5 per cent, causes the alloy to approach 
the brittle zone, which begins at some yet undetermined figure between 
4J25 and 5 per cent and ends at 20 per cent. This britUs zone was 
dinsovered by three Kngliah metallurgists, Messrs. Carpenter, Hadfield, 
and Loogmuir, and was described by them in November, 1905, in a paper 
read befofe the Institute of Mechanical Engineers of England. It is 
claimed, however, by some American experimenters that the use of more 
than five (5) per cent of nickel does not of nec^ty make the steel 
brittle; henoe it is likely that the percentage of carbon has some influ- 
ence on the brittle some of alloy steels containing more than the said 
five (5) per cent of mckeL Be this as it may, though, an engineer should 
test carefully for brittleness his eye-bar steel, if he employs in its manu- 
facture nickel iu any greater percentage tliaii 4.25. 

"As shown in the i)re('eding table, ili(> amount of niangancfie in nickel 
.^teel is graded to meet tin* requirements of both strength and hardness. 
It varies from 0.6 to 0.8 jxt cent. 

"In the memoir, 'Nickel Steel for Hridges,' are given twelve diagrams 
of weights of metal {xt lineal font of sj)an. eov<'rin«»; .all lengths from 20 
feet for plate girders up to 1,800 feet for cantilever main openings. In 
Figs. 4a and 46 of this memoir are reproduced two of the most intercst- 
ing and aseful of those diagrams covering double-track, through, ]>in- 
conne<rted, Petit truss spans and double-track, tlirough, pin-connected, 
cantilever bridges of Type A (see Fig. 55aaa). The weights given are 
for structures built both wholly and partially of c'^f^^Lj steel, and for those 
eomposed entirely of carbon steeL 

"Folkfwing the twelve weight records in that memoir come some fifty 
mNKmiic diagrams, which show for all span lengths up to the before- 
mentioned limit for both riveted and pin-connected structures, for all 
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possible conditions of thr metal market, and for all probable variations 
iu pound prices between the manufactured nickel and carbon steels, the 
compaxative costs of bridge suixTstructures built of carlx)n steel and of 
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Fig. 46. Weights of Doublo-track, Through, Pin-€onnectol, Cantilever Bridges of 

Carbon Steel and Nirkol Steel. 

mbted nickel steel and carbon steel. With those fifty diagrams at hand 
and all the necessarj' conditions given, it is only a minute's work to deter- 
mine for any case whether it would be more economic or not to adopt 
nickel steel — also what the saving, if any, in expense would be. 
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"fIgB. 4c, 4d» 46, and 4/, choson at random, arc Fporimcns of the said 
fifty economic diagramfi, the first pair being for double-track, tlirough 
riveted, Pratt truss spans, with the price of earbon steel erected at 4 
and 4.5 cents per pound, respectively; and the second pair for double- 
track, through, pin-oonneoted, cantilever bridges of the most usual type, 
with the price of carbon steel erected at 4.5 and 5 cents per pound, 
respectively. These prices for carbon steel erected are about the average 
ones that govern today in various portions of the United States. 

''Big. Aginm important and interesting diagram. It shows the prob- 
able wd^ts of metal per lineal foot of superstructure for veiy-long-span, 
double-traek-railway, cantilever bridges built of carbon steel md of mclcd 
steel (or of mixed niekd and carbon steels). It indicates also the extreme 
l)racticable limit of lenp:th of main opening for sucli bridges for each kind 
of steel. This liinii is a matter of jiulgment, being determined by the 
jireatest weight of nielal per lineal foot of s{);iii \vliich it would be advis- 
able to use for the structure under eonsidciation. h'vom the diagram it 
will be seiii that if 1,800 feet be assumed as tlie present practicable hmit 
of span-length for earljon steel bridges, the eorresj)onding limit for nickel 
steel bridges will l)e about 2..S00 feet; or. if it l>e a.vsunied at 2,(XJ0 feet, 
the corresjHiiiding limit for iuekel->t l const niei ion will l)e 2,()00 feet. It 
is siife, therefore, to eonelude that the adoption of nickel steel for bridges 
would lengthen the practicable span length for cantilevers fully 500 feet. 

"In concluding his paper on 'Nickel Steel for Bridges' the author 
wrote as follows: 

" * SuDMnarizing the results of this entire investigation, it is evident 
that nickel steel is in every way fitted for bridge construction, in that it 
is strong, tough, workable, and reliable; moreover, its adopticm would 
effect a deckled economy. This economy would increase in the future 
as the cost of nickel decreases and as the shops become more aooustomed 
to the fabrication of the new alloy.' 

"The preceding was written in 1907, and the predications made have 
been only partially realieed; for while, as before indicated, several large 
bridges have been built of nickel steel, the manufacturers have not been 
wilDng to quote reasonable prices for the alloy. If there were any one 
available upon whom to unload rejectums, as there is in the cas<' of earl^on 
bridge st-ecl, the steel makers would qnite wilhnglj^ quote more reasunalile 
figures for nickel steel; but the constant dread of being left with a largt lot 
of uiLsalable alloy steel on tlieir liaiids militate > against their so doing. 
It is only by having engineers eriate a large demand for the alloy, thus 
initiating eomix tition in its production, that a reasonable jx)und price 
for it can be established. In eonhrmation of this statement is the fact 
that when Mr. Hodire called for bids on nickel steel for his great St. Louis 
Free Bridge, he reci ived and accei)te(^l a tender of an excess ])ound price 
of !.(>') cents, which is not far from the Ld-ccut limit set by the author 
in bin memoir. 
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<<It 18 olaimod several rcco^ized authorities that it is practicable 
to produce good and perfectly satisfactory nickel steel by putting fern>> 
nickel into the charge instead of the metallic nickel, thus avoiding all 
the expense of refining. This would reduce by two-thirds the cost of the 
nickel content in the alloy; and as that content is the main cause of the 
high price of nickel steel, it is evident that the emplojment of ferro-nickel 
in the smelting would make the cost of the product so reasonable that in 
a few years it would supplant carbon steel entirely, even for bridges of 
thv shortest spans. Nickel producers used to claim that it is absolutely 
ii( (M>»arv to ( iiii)loy pure nickel in the smelting, for the reiuson that ferro- 
uu ki 1 usually t uutuins (piite a [XTcentage of coppir— a substance totally 
destructive to steel; hut, on the other hand, those who are in shajx? to 
put ferro-ni( k( 1 on tlie market (and sonic others also) maintain that the 
copper and all the othrr injurious -ul i-tanccs contained in the fcrro-nickcl 
can readily and cheaply he worked out during the ])rocc^scs of smelting 
and rolling. Moreover, coi^ncr is no longer the bugbear to steel niakei-s 
that it wius a few years ago; for it is now practical)le to manuiacture 
good, workable steel containing three (3) jxt cent of that element. De- 
cidedly, it is of the utmost importance to both the engineering profession 
and the business world to determine without delay and beyond the per- 
adventure of a doubt whether it is feasible to use, OH a commercial scale, 
ferro-nickel in the manufacture of nickel steel. 

"There is a fact concerning nickel steel known to the profession, but 
which, as far as the author can learn, had not untU a very short time 
ago been stated in print, vis., that the Pennsylvania Steel Ckimpany 
has obtiuned control of an iron deposit containing a small percentage 
of nickel, and is, eonsequently, able to place upon the maricet a low- 
grade nickel steel at a reasonable excess cost above that of carbon 
steel. This steel has been denominated by its makers 'Mayaif SteeL' | 
It is a natural alloy of nickel-chromium steel, contfuning from 1% to 
1.5% of nickel and from 0.2% to 0.75% of chromium, wth sulphur 
below .04' ( , phosj)horus below .039e, anil mangane.si? lus desired. The 
carbon range ia from .03% to i.o%, depending upon the application ol | 
the steel. 

"The OH' eonies from a de])osit of some 2r),()(M) aeres at Mayarf in 
the Province of Oriente on the Island of Cuba. It ib estimated that there 
are oIHKOOD.OOO toiLs of this ore in siglit. i 

"Mayarf steel is made only l)y the Pennsylvania Steel Company :md ' 
the Maryland Steel Company, ^^y a slight nuKliticat ion of the open- 
hearth process it is produet'd without the necessity of adding lUloying 
elements in the furnace or ladle. Like other nickel steels it offers greater 
resistance to corrosion than do the ordinary' earlx)a steels. ' 

" Desiring to obtain for the preparation of this memoir some authentic 
information concerning the now alloy, the author wrote to the P<mn^3^ 
vania Steel Company asking certam questions about it, and received in 
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reply a letter from J. V. W. Resmders, Esq., C. E., the Vice-President of 
the Company^ from which the following an extract: 

"'Our principal experience on Mayail steel in bridgcwork hat been in connection 
with the manufacture and fabrication of the laiie bridge which is to span the Missusippi 
River at Memphis. So much steel has now been nuuh* for this contract that we have 

accurate information on the [)i,>iMTn< s wliich we can develop. 

"'On this bridge aUernate (juotutiotis uix eailMin an<l alloy htrel dcsiKiis were .sub- 
niitted, the ttpeciiicatioiiti for thu alloy at4X>l, ouUsidc of rivet and eye-bur »teei, being as 
follows: 

Tcnaile strength 85,000— 100,000 lbs. per nq. in. 

Elaatic limit, not len than 50,000 lbs. per sq. in. 

I,60a000 

T3.^ 



Filnngat ion in 8 inches not less than 



Reduction of area, not less than. 



30.0% 



"*Thc niannane.^' in the sfe< l w;is lnnile<l to • W silicon to lii^'ci eari>on to AO' c, 
and a minimum of 1.20' (, nickel wiw n'<iuirtHl, but the mdivulual bidih^r was allowed 
to neleet his own analysis except as it might be limited by these general figures. No 
limits were given for duomium or vanadium. 

'*'We quoted on the baas of uwng a steel made from the Mayari ore which we import 
from our mines on the north coa.st of Cuba, and on tliiri ba.si.s the contract was awarded US. 

**\s you doubt 1(^ know, this Mayari orc> lie.s ju:<t under a thin top soil in a com- 
parMfively thin bwl of ureat area. The ore contains naturally a larti*' nniount of inf>i'^- 
ture, a part of which is in the cornbintHl form. It hivi been our jiraetice before shipping 
thi"* ore to the L nile<l .States to run it through rotar>' no<luhzing kilius, which 
agilJutuerate the fine ore and drive out the moisture. The noduli^ed product carries 
about 57% oi iron. 

*"By a selection of the ore, steel can be produced with a uniform nickel content, which 
may be varied at wQl between quite wide limits. It has been found, however, that a 

content of approximately 1.40''^, is sufficiently high for bridg*' ste< l for ino.sf purposes. 
The .steel i.s normally produced with on)\ f}H' nsuul additions in the Open-hearth furnace^ 
although occasionally a small amount ol chromium is a<.t Jci. 

" 'The following are typical teats of lai^e-size angles, varying from 6" X G" X 1" up to 
8" X b" X Ih"' 

TABLE 4b 

Tuna or La bob Sieb Anglbs op MAYAaf Steel 



T. S. 




Elonf. 
iaSinche* 


r 

of Area 


C. 


Mn. 


NL 


Cr. 


lbs. 


Ibs. 


.'C 




/f> 


'f> 


r' 


<^ 

/f) 


05,.>S0 


04,700 


l(i..S 


45^5 


.36 


.62 


1:27 


36 


91.400 


r»o.i:io 


19. r, 


■M.4 


.32 


.68 


1 4.-) 


.44 


95,440 


()2,:t(K) 


ISO 


46.7 


. 34 


.75 


1 51 


.3S 


94,400 


rA,:m 


17.0 


50.4 


.35 


.71 


1 .4S 


.43 


o:i2iO 




21. 5 


.51 3 


..34 


.75 


1 37 


. 13 


96,740 


(>0,540 


16.3 


43. ;i 


.32 


.75 


1.49 


.40 


98,420 


61,060 


17.0 


48.9 


.37 


.78 


1.31 


.42 


91.700 




19.0 


50.3 


.31 


.68 


1.45 


.44 


94,180 


, 58,130 


•20.5 


51.5 


.30 


.77 


1.48 


.47 



"'The following tests an-: on plate.'j. both universal and sheared, lu many cases 
you will note mat the thickness is extreme. 
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TABLE 4c 
Twtm OF Flatm or MayasI 





T.S. 


K.L, 


uSIneliM 


R«duc. 
of Area 


1 ™ 

c. 


Mb. 


ML 


Or. 


ins. 


IbB. 


liM. 


% 


% 


% 


% 


% 


% 


VA 


99,600 


64,660 


17.5 


41.9 


.IM) 


.77 


1.36 


.31 


VA 


94,300 


62,270 


18.0 


33.6 


.28 


.75 


1.41 


.37 


VA 

Vs 


98,820 


63,080 


17.0 


34.7 


.28 


.72 


1.49 


.49 


90,040 


55,270 


21.0 


45.5 


.28 


.67 


1.57 


.31 


IH 

H 


91.550 


ry2.2io 


1 S . 5 


4fi.8 


..30 


.60 


1.41 


.40 


94,0(jO 


56,030 


IS. 5 


47.1 


.27 


.01 


1.42 


.33 




90^ 


57,540 


19.0 


53.6 


.29 


.71 


1.53 


.39 



'"Hie phoq^KimB in all these heata wiQ average lees than j02% and the aulphar 
about .03%, the specified Hmit for each being .04% with an aUowanoe of 



26% thereof for check analysis of the finished material. 

" ' In the specifics ( ion.s changes; in the «i«n(p>ii^ and reductioiL of ana are allowed 

f(V steel ruiiiuiiK over 1 inoh thick. 

"'Below are given the .spt^rificatious i'ur full susc eye-baxB and the results of a test 
on a sample 14" X 1-23/32" bar: 

Required Obtained 

Tensile strength 80,000 Ibe. min. 88,200 Ibe. 

Elastic limit 47,000 lbs. min. 61,700 Ibe. 

Elong. in20' 10% 12.7% 

Reduc. of area 42.0% 

'''It has been our eaperienoe that this alloy ated works quite as well in the shops 
as any other sted with which we arc familiar, making due allowance, of course, lot the 
increased t^ughnens. We ftnd tliat it i.s ea.sier to work tli;ui .S'C",' ni< kel steel. 

"'It is difficult to ^ive an exact extra which we would ciiai^e for rolled sccitions 
or plates of Mayari .'^tcel over the uiarket price of similar s(X'tiona of carbon ste<'l. 
We do not expect however that it will be necessar}' at any time to charge an 
extra of more than one cent per pound. The excess price for manufactured bridges 
depends on so many cireumatanoeB that it is abnost impossible to give any figure. 
It will vary greatly, of oourse, as the idative proportioos of oaibon and Mayaif steds 
in the finished bridge are varied. 

"'With reparrl to quantity, we expect sliortly to be in a po-it ion to produce from 
1S,<KM) to 20,(XX) tona jxr month of May.ari st(x»l shaix's, if n<M'eh.sary; but, even for the 
present, it is safe to say that we can meet any reasonable demand.' 

"Jii<lp:inp; from Mr. iicviidcrs' approximate quotation for Iho rolhxl 
metal and from previous experience with nickel steel, the author con- 
cludes that the finished metal work is likely to cost a.s much as one and 
a half eent.s per iH>und in excess of the market price of tlie corre<]>ondinp^ 
carbon steel work. This is just what he first estimated \\uuld ho tlio lim- 
iting excess pound price of nn 1 ol <t( ol having an elastic liniit of tl(),()UO 
lbs., when the excess price of the i(»lled material was one cent per pound. 

"The large-scale curves from which were prepared the cost diagrams 
of the paper on 'The Possil)ilities in Bridge CoiLst ruction by the Use of 
High Alloy Steels/ hereinafter referred to at length, afford a means of 
determining the economics of Mayari steel for bridges as compared with 



Digitized by Google 



ALLOY STEELS IN BRIDGEWORK 



71 



nickel steels of 55,000 lbs. and 60,000 lbs. elastic Uimt Tnm them are 

loLuid the fulluwing; 

''fiOO' SiMPLB Truss Spans 

"Mayarf stool bridgos at l.rxf por 11). oxcos-; (»vor oar])on stool are 
equal in oost to niokol sti'ol britlgos for A' — .^ri.iMiO 11 )s. at an oxcoss of 
1.9^ per lb , and to nickel stwl bridges for E = OO.OlM) lbs. at an excess 
of 2.25^ per lb. With Mayari steel at 1.0^ per 11). oxooss over carbon 
steel, the corresponding figures are, respectively, 1.35^ and 1.7 i. For 
equal costs of bridges, as compared \v\ih carbon steel, Mayarf steel could 
stand an excess pound price of 2,li for the m&nufactured superstructure. 

'MOOO' SniFLE Tbuss Spans 

"With Ma}\ari stetU at 1.5^ per lb. excess, the excess for nickel steel of 
E = 55,000 lbs. is 2.25^ per lb. and that for nickel steel al E ^ 60,000 
lbs. is 3.0^ per lb. With Mayari steel at 1.0^ per lb. excess over carbon 
steel, the corresponding figures are, respectively, 1.7^ and 2Ai per lb. 
For equal costs of bridges, as compared with carbon steel, Mayarf steel 
could stand an excess pound price of 3.75^ for the manufactured siq>er- 
structure. 

" Cantileveb BrnDQEs WITH Openings 

FBOif 1,000' TO 2,000^ 

"Mayarf steel Viridgos at 1.5jf per lb. excess over carbon stool are 
efpial in cost to nickel stool bridges for K = "),"). 000 Uis. at an excess of 
2.3 e per lb. and to nickel steel bridgos for E — (iU,000 11 )s. at an excess 
of 3.1^ per lb. With Mayarf steel at an excess of 1^ por lb., the corro- 
.*5ponding excesses for the other .stools would be, resptn-tivoly, 1.7^ and 
2.r)(i per lb. For equal costs of bridges, as comparofl with carbon steel, 
Mayarf steel could stand an excess pound prico of 1.85^. 

''From the preceding it is evident that Mayarf steel has carbon steel 
beaten for bridgework under all conditions, but that if it costs when 
manufactured 1.5^ per pound more than that metal, it will not be as 
eeonomic as either of the grades of nickel bridge steel which can be pro- 
duced commercially today. If, however, the manufacturers of Mayarf 
steel and of structures made therefrom can bring the price of thdr fin- 
isiied metal work down to an excess of one cent per pound as compared 
with carbon steel, their product will have somewhat more than a fighting 
chanco in the competition. Nevortholoss it will always have* one serious 
obsta''*lo to contoiid against, viz., tho irrogulniiy of tho ooniposition and 
charari*ristics of tho finishod pnnliirt. This is sliown vori'' clearly in 
Mr. Rr-yndors' lottor; for in liis sliaj^M'-steol tests tlio elastic limit varies 
from 54,300 to (>4,700 pounds per square inch, the ultunate strength from 
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91,400 to 98,420 pocmdB per square ineh, the nickel oonteiub from 1.27 
to 1.51 per cent, and the cimnmiim content from 0.36 to 0.47 per cent. 

In the plate tests the correspondinp; variatioas were, respectively, from 
55,270 to 64,000 pounds per sqvuiiT inch, from 90,040 to 99,000 pounds per 
square inch, from 1.3() to 1.57 per cent, aiul from U.31 to 0.49 per cent. 
Considering tliMt the raw material receives very Uttle preparation for i 
smohing, the preceiUng showing is by no nitiuns had, es|>ecially since tlie 
records given inrlicate that no special difficulty h:is been exjKTiencetl in 
complying witli the specifications. On the otluT hand, though, the serious 
disadvantage under which the alloy laliors is strikingly made evident by 
averaging the elastic limits given in the specimen tests; l)ecause the mean 
of all the figures is 59,655 Ibe., while tlu» requirement was only 50,000 lbs. 
It is possible that experience in thr production of the alloy will rcmilt in 
greater regularity and less cost. If such prove to be the ease, Mayaif : 
steel is liki^ly to supplant entirely the other alloy l)ridge steels at present 
obtainable; but it is far from being the ideal alloy for lung-span bridge 
construction. Even if the inherent irref^idarity be made truly non-in- 
jurious to the metal by always keeping its characteristics well above the , 
specified requirements, there will (for many years, at least) exist in the 
minds of purchasers the btent doubt of the steel's reliability and the | 
dread that, without warning, the ebstic limit and the ultimate strength 
may drop dangerously below the minima called for in the specifications. 

"For a long time to come, and perhaps always, it will probably be 
necessary to test Mayarf nteel much more thoroughly than carbon steel 
in order to prevent the utilization of any inferior melt or rolling in the 
manufacture of bridge superstructures. 

"In the development of Mayarf steel for bridgework cre<lit is due 
to Ralph Modjeski, Ms(|., C. E., the Consulting Iliigineor on the new 
M(»mphis Bridge, the first large structure in vvhicli that alloy is to 
be used. 

"During ;i stay of some six weeks in France in IIKK), i h*' author learne<l 
that certain metal manufacturers in that ronntry were makintr, in melts 
of five tons or less, by the electro-metallurgical prcK'oss a j)uritie<l steel 
for which they claimed rather astonishing results in respect to high elastic 
limit, great ultimate strength, and general suitability for the manufacture 
of bridges; although, as far .'is the author could ascertain, no suchstnio- 
turcs up to that time had been built of the new product. It was not 
convenient for him then to obtain and test specimens of the steel, as he 
greatly desimi to do; hence he had to content himself with second-hand 
information obtained by both interviews -snd correspondence. The re- 
sults of these convinced him that the clauns made might, at least par- 
tially, be justified by performance; thereupon, having some span time, 
he prepared an economic study of the possibilities for utilising such puri- 
fied steel in bridges. In his calculations he employed French units, prices, 
and other conditions, publishing the results in French in a memoir fw 
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Lf Qime CtoU tinder the title, *ISiude Meommique de VEmpkri de VAder 
au Carbane d Grande Ritukmee pour la Comtrudian dea Ponia,' 

"The Rrench metaUurgists, steel manufacturera, and bridge engineers 
, to whom the author applied for information were all most kind and oour- 
teoiis in furnishing it, enabling him to collect quickly all the general data 
needed. Just here the author claims the privilege of expressing publicly 
his high ap[)reciation of the exceeding kindliness and courtesy which 
French engineers and French scientists make a practice of showing toward 
their i)rofe*JBionaI brethren from the Unit(Ml Stiitt's. Nothini? seems to 
give tin III too inucli tr)ul)l<' in their endeavor to (jl)lif!;e; and they arc ever 
ready to devote liours uf their valual)le time to ilis('us.siMjz; tlu* .siaiilarilies 
and dilTereruv's Ijetween French and American conditions, practice, and 
cuijtonis Ifi all matters of a tcH'hnieal nature. 

"The excess eost of the l''reiic}i purified steel, as coin|)ared with the 
ordinary'' rarboii l)ri(ljz;e sttH'l of that country, appeared to i)e about uiue- 
tenths of a cent ])er jxiund for the manufactured su|)erstructurc. The 
investigaticm showed the economics for its employment in bridge build- 
ing for the mean and the extreme conditions of the French metal market, 
and for a number of assumeil ehustic limits, var>nng from 30 to 45 kg. 
per sq. mm., the value for the usual carlnm bridge-steel in France being 
24 and that for the author's specified nickel steei 42.5 kg. per sq. mm. 
The outcome of the investigation was that there was found no advantage 
whatsoever for the 30 leg. elastic limit; none for short spans, but a small 
one for long apans with a 35 kg. elastic limit; a decided saving for all 
cases with a 40 kg. limit; and a wonderful economy for the 45 kg. limit, 
the hii^iest claimed by any of the French numuf acturcrs. 

"Fl0k 4A, 4t, 4i, and 4A; are taken from the issue of Le Ginie Civil 
dated August 7, 1009. Th^ show for carbon steel, the author's speci- 
fied nickel steel, and the purified steels having assumed elastic limits of 
30, 35, 40, and 45 kg. jK-r stp mm., respectively, the weights of metal in 
kilogrammes per lineal meter for simple-span bridges, ilitto for cantilevers, 
the costs ill francs per lineal metre of span of the steel erected in simple- 
span bridges, and the same in cantilever bridges of the most usual type. 
In Figs. 4j and \k the assumed condition of the carbon steel market was 
that which existe<l in France at the time the investigation was made. 
Most fortuuat<'ly. it wius also the exact mean of the two extri'Uie conditions, 

"It was the autljor's hope that tfic publication of his paper would 
give an impetiLs in France (and jx'rhaps elsewhere also) to the manu- 
facture of bridges of purified steel, but thi* ho])e luis proved to be a vain 
one; for, up to the present, he has not heard of any such 'h'\ elopment. 
It is probable that tite metallurgists and the bridge manufacturers of 
France are no more eager to adopt drastic innovations in their practice 
than are their brethren in the United States. If nothing ever comes of th.at 
investigation, and if purified steel is never used directly for bridge build- 
ings it is'within the realm of possibility that the ideal future all^y of steel 
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for hridgos will ho mfule by first piirifyiiip; carl)on steel, oithor by the 
clectro-iiu'tallurgical process or by some other method, before tlie alloy- 
ing element is added to the molten nciass, in which case the trouble 
that the author went to ia preparing the paper just described wouid not 
be wholly wasted. 

''Desiring to obtain for the prepfimtion of this paper some authentic 
infonnation concerning the status of the manufacture of purified steely 
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the author consulted the United States Steel C^orporation on the subject; 
and in reply to his letter received a ccxninunicatfon Irom W. R. Walker, 
Esq., the Asastant to the Prwddent of the company, dated April 28, 
1914, from which the following extract is quoted: 

'"AIthou{i^h the deebrie sted prooer'5 if^ a companit ivelyiiefwoiie, being only ten yms 
old, nevertheless there are in op<!r;if ion about 130 electric fumaecs in this country aiid 
£tin>pe which are maldng high-grade 8ted ooinmcn»aUy. ThissteelhaBpRyven tobeof 
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mdi enseOent (laality that it is raiudly diitplaring crucible fted, whidi is genenQy 
ooQsidered the standaid of excdknoe. It is also being used in ■^>fMT»lffw tubeSi win, 
dieets, ship angles, mils, thin amior plato, and osjxHM'ally tooLs. 

'"In 1900 tho St(M'l Corporation began tiio operation of a L'i-ton oloctric fnmare at 
theS<njth C'hicap) pl.mt of the Illinois St*-!-! ( 'orup.iny, an<l in 1010 !)eji:in the operation 
of a similar furnace at the Worcester Works ol the American Steel and Wire Company. 
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Double Voic. 



These in.*<taiUilionf} wort', at the time, experiMicntul to the extent that it wa.-i not known if 
we Gould make the heavier products, such a.s rails, conitnerc ially. We have made about 
10^000 tons of rails which are now in track. A number of years are reciuircd to test 
out the value of raik; but, up to this time^ none of our electric steel rails have broken 
in service — even those located in the far Northwest during the veiy severe winter 
of 1912. 

"'Akhougli th«' ele( fri<' funiace at Wnn^sd r lius not l)cen in operation for some 
time, due to commercial reasons, the furnace at iSouth Chicago has operated almost 
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continuously cvrr sinrc its installat ion, atitl Is unvr employed in aUoy stedi* flOfih 

as nickel-chrome, chrome-vanadiuin, high sihron BteeLn. etc. 

"'From thew facts I think you can safely conclude that electric steel is no ioager 
an experimeut and that its quality is equal to the bait uiade by any other process.' 



''Late in 1913, not being satisfied with the progreas then being made 
in the use of qiedal steels of high elastic limit for long-span bridges, the 

j» $10 m 6x m m m m rns m m 




Fio. 41. Total Weight €l Metal per Uneal Foot of Span for Double-track, Shnple- 
span Bridges of Caibon Stod and Alloy Steds of Differeoi Elastic limils. 

author prepared for thr Anioriran Societj' of Civil Engineers a paper en» 
titled 'The Possibilities in Bridge Construction by the Use of High Alloy 
Steels.' It was printed in the Society's Proceedings early in 1914, and 
has since been discussed by some sateen engineers of the United States, 
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Europe, and other parts of the world, and is now about to be publiabed 
in the Society's Transactions. 

''As might be anticipated from the title of the memoir, its object is 
to detennine, for the usual types of bridges and for all practicable span 
lengihs, the weights of. metal per lineal foot of stracture that would be 
required wh&i usmg sSloy steels of vaiymg elastic limits, and the economics 
involved by their employment. Incidentally, there would be found the 
extreme practicable limits of span-length for cantilever bridges constructed 
for the greater part of such materials. 

"The elastic Umits assumed varied by 10,000 lbs., starting with 50,000 
lbs. and ending with 100,000 lbs. Fig. 4/ gives the weights of metal per 
liiual foot of span for double-track, simple-span bridges, and Fig. 4m 
records those for doublf-track, rantilt vtr hridjiics. In the text of the 
mi-moir are given directions for finding the corrcsjHjiKhng weights for sim- 
ilar briflges having more than two tracks and lor those carrj'ing other 
live loads than the (jncs assumed in the investigation. 

"From Fig. 4^ it is evident that in simple-span structures there is an 
immense saving in weight of mcta! l)y using alloy st<M'] instead of carbon 
steel, also that the rate of saving diminishes gradually as the elastic limit 
of the metal mcreases. 

" In Fig. 4m the saving of material by employing alloy steels, while 
not quite so striking as m the case of Fig. M, is still most apparent. 

" If, as can be seen by Fig. 4m to be logical, it be assumed that a limit 
of 36,000 lbs. of metal per Imeal foot of span is as high as it is either eco- 
nomical or practicable to go hi the building of double-track, railway, 
cantilever bridges, the corresponding limiting lengths of main openings 
will be approximately as follows: 



For carbon sk^ I, E = 3r),000 lbs 20.^0 feet 

" steel in which E = 50,000 *' 2340 " 

II II II » E „ 60,000 " 2500 " 

u a » E ^ 70,000 " 2780 " 

tt « « " iP« 80»000 " 2910 " 

" " " *' E - 00,000 " 3030 " 

u it •« ^ „ 100,000 " 3140 " 



"From the appearance of the curves at their siip<Tior ends one may 
draw the conclusion that, in the case of the ver>'-high-alloy steels, the 
Irnttt of weight of metal per Hneni foot of span can legitimately be raised 
b^ond the previously assumed 30,000 lbs. The more nearly these curv^es 
approach the vertical tlie more uneconomical would it be to extend the 
limit beyond the said 36,000 lbs. per lineal foot. 

"In studying the economics of the various alloy steels, the present 
ruling pound prices for carbon steel bridges erected were assumed to be 
4^ cents for simple spans and 5 cents for cantilevers. 

"Fig. 4n is a specimen of the economic diagrams for simple-truss 
bridges. It shows that, even with an excess pound price of 4.5 cents 
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for the fabricated alloy metal, there is a saving over carl>on steel when 
the elastic limit of the alloy is 80,000 lbs. jxt square inch. Fig. 4o, which 
is for cantilevers and for an elastic limit of 80,000 lbs. per scjuare inch, 
shows that the same conclusion holds as that just drawn for simple-truss 
spans. 

"In concluding the memoir the author says it is evident that his 
results clearly prove that a systematic series of experiments made in 
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Fig. 4n. Comparative Costs of DoubhMrack, Simpk»-span, Railway Hridgcs of Carbon 
Steel und Mixed Moy and C'arbon SttrLs for E ^ S(),(KK) lbs. 



search of a suitable and satisfactor>' alloy steel for building long-span 
bridges would Ik* well worth while. Ho indicates that he is of the opinion 
tliat the first step to take in such an investigation would be to experiment 
on "purified" steel so as to ))ring it to its niaxiniuni of ofToctiveness, then 
to try adding nickel in various quantities, and afterward nickel with 
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other but cheaper suV)stan{'es. He r(H<)<z:iiize.s that aiip^iiienting the car- 
bon in the purified steel, while increuiiing both its ultimate str<Migth ami 
its elastic limit, would tend to harden the metnl, but anticipat4?.s that 
the addition of nickel (and possibly other elements) would tend to reduoe 
the brittleness and render it workable. 

"The final paragraph of his paper reads as follows: 

''"The problem of finding a high, cheap alloy of steel, suitable in 
every particular for bridges, is now. before the metallurgists and the 
builders cf large metallio structures; and the values of all the resuHs 
probably attainable are clearly indicated in this paper; hence the onus 
is on the engineering profession to see that the necessary experiments 
are arranged for and thoroughly carried out, in order that the world may 
have at its command a new metal that will permit of the .si)auuing of 
waterwa3ns which are so wide and so deep, or are so restricted by navi- 
gation requirements, as at present to defy the art of the bridge engineer.' 

"Ill the sixteen discussions of the pajKT there were advanced two 
pertinent suggestions concerning how to find the desired alloy. One was 
to use about three (3) per cent of aluminum as the j^rincipal alloy element, 
the j)resent j^riee thereof being only 20 cents ])er pound; and it was ant it - 
ipated that such a combination might produce a satisfactory steel having 
an elastic limit of 1(K),UUU lbs. per sq. in. It was evirlent from tlie way 
in which the discussion wjis worded that no exi)erimenting worth men- 
tioning had l)een done on that alloy for the jnupose of bridge building; 
hence the sugg(\stion must be treated as a wholly tentative one, although 
decidedly alluring. 

"The other suggestion, made by Geo. L. Norris, Esq., Metallurgical 
Engineer of the American ^''anadium Company of Pittsl)urg, wa.s that 
either vanadium-carbon steel (^r vanadium-chromium steel be used as a 
high alloy for bridgework* This suggestion wa.s much more directly to 
the point than the other; because both q( the vanadium alloy steels 
mentioned have been manufactured for several years, although not for 
the purpose of bridge building. Mr. Norris was able to give the chemical 
and the physical qualities of the alloys recommended, but, unfortunately, 
only by stating very wide limits thmfor. 

"In answer to a long list of questions concerning the use of vanadium 
in steel, propounded by the author in a letter to the American Vanadium 
Company, and incorporated as a part of the- r^sum^ of discussions, the 
following imiwrtant information was obtained from Mr. Norris: 

**A. Vanadiiun steel is eminently fitted for the niMuufacture of eyc^ 
bars. The elastic limit for full-size, ehrome-niekel-\ aiiadium bars varitnl 
in the tests from 63/280 lbs. to 80,480 lbs., and the ultimate strength 
from 93,01K) lbs. to 99,800 lbs., the r(»sults dejyending upon tlie drawl>ack 
or annealing temperature after (luenehing. Tin; excess cost jkt pound 
of these finished bars after treatment, as eompared with ordinary eye- 
bars of carbon steel, Mr. Norris indicated would not exceed 3.5 cents. 
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"Ho Mut icijiatod tliat simple carlxm-vanndium stot'l ryo-hars would 
have E. L. = from 00,000 to 75,000 lbs., and Ult. = from 85,000 to 
100,000 lbs.; l)ut it is evident that no experiments have been made on 
finished bars of that kind. The excess cost of such eye-l>;irs after anneal- 
ing, as compared with ordinaiy ^o-bare of carbon steeli would not be 
more than 1.5 cents per pound. 

''B. It was not quite so evident from the discussion that vanadium 
steel is as suitable for built members of bridges as it is for eye-bars, but 
it seems probable that it would be found satisfactory. 

"Mr. Norris states that his chrome-vanadium steel will be workable 
under shop manipulations. 

" C. It appears from Mr. Norris's remarks that heat-treated vanadium 
steel can be manufactured into built members of bridges without losing 
the great effect of the treatment, but it would probably be better to drill 
the rivet holes solid than to subptmch and ream th^. Mr. Norris did 
not answer the quefttion whether vanadium fft^l can be bent cold without 
injur\'; hence one may surmise that it caimot. However, this would 
nut militate <!;r('ally against its us(» in bridge work, l>eeause in long-span 
structures (llie only kind now under coiizsideration) there sliould be ver>'^ 
little, if any, metal to be ])ent. 

**D. In resjMM t to rivets, Mr. Norris advises, for chrome-vanadium 
Ste(>l, E. L. » otKIKlO to {\r>.{m llis., and Fit. - 7l).(MM) to OtMXX) lbs.; 
and for simple carbon-vanadium steel E. L. — 4(),IKH) to ;').">, (XX) lbs., and 
UU. — 05.000 to 85,(KK) lbs. The author is of the opinion tliat some 
serious difficulty might l)e encoimtered in cutting out defective rivets as 
high in strength as those first mentioned. 

"Concerning rivets fur bridges built of high alloy steels, it is a fore- 
gone conclusion that tlie ratio of the strength of the alloy-steel rivets to 
that of carbon steel rivets cannot be as great as the corresponding ratio 
of strength of plate-and-«hape alloy steel to that of plate-and shape car- 
bon steel. On this account, in high-alloy-steel bridges it will be neoessoiy 
to use proportionately. either more rivets or greater rivet diameters — or 
both. 

**B. The amount of chromium recommended by Mr. Norris varies 
from 0.6% to 0.9% in combination with manganese varying from O.49o 
to 0.6%, or even to 0.8%. 

**F. Although for a numlier of years it was thought by the en^neer- 

ing profession in general that vatiadium in steel act,s merely as a scavenger, 
none of it remaining in the fmislied jiroduet, but all of it passing ofT with 
the slag. Mr. Norris asserts that al)out 80',^^ of the vaiiadmm which is addfU 
to the charge remains in the metal. 

"Mr. Norri'> is jMisilive that the vanadium is very evenly distrilnitoil 
throiiLdi t!ie iiiiiot. aTid tliat not (mly is then* no danger whatso^'v^u• of 
its seirn i^Mi i( »n. i»ut ;(l-u tiial il> presenrc in l iic molten metal tends to 
prevent the iiegregutiou of utiicr »ul>t»tauce6 — notably carbon. This ia 
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most reassuring and is a strong point in favor of the employment of 
vanadium sU'ol for britlge building. 

From what Mr. Norris states, one might anticipate that the 
gain by adding niclcel to vanadium-carbon steel or to vanadium-ciiromimn * 
steel would be either very small or non-existent. 

*^H. Mr. Norris is quite convinced that the addition ol titanium to 
vanadium steel would be useless. Perhaps the explanation for this is 
that the 20% the vanadium charge which passes off into the slag acts 
as a scavenger, thus obviating the necessity for any further purification 
— which office is the sole function of the titanium. 

**The author's assumption from Mr. Norris's data of E. L.= 60,000 lbs. 
for his vanadiuni-f'Mrbon stool and K. L. - 7().(MH) ll)s. for liis vanadiimi- 
chromium stwl with excess pound prices for the inunufadun'd metals of 
2.0 cents and 4.0 cents, resjx'ctively, would cstalilish specifications and 
j)ricfs tliat the steel makers and bridpe manufacturers should have no 
s|x»cial trouble in living up to. It is ])ossible that these assumptions 
d(> not do sutticient justice* to the vanadimn steels, but tlie hgures had 
to t>e made safe for an investigation of the economics of the two 
t^^pes of vanadium stcd compared with carbon steel and with the 
two classes of nickel st<H'l which are j)rocurable txxlay in the United 
States for bridgework, viz., that for K = .')(),(K)0 lbs. at an excess pound 
price of 2.0 cents and that for E -> 55,000 lbs. at an excess pound price 
of 2.5 cents. 

"Under the preceding conditions the economics of the five steels 
considered are shown for simple-truss spans in Fig. 4p and for cantilever 
bridges in Fig. Aq, 

"Referring to Fig. 4p, it is seen that for simple-span bridges, with 
the conditions assumed, vanadium-carbon steel shows, for all span-lengths, 
a small but material advantage over all the other steels; and that the 
vanadium-chromium steel begins to develop an economy over carlxtn 
stef'l at a sj)an-length of about 5U0 feet, and over the two nickel steels at 
a span-length of about G50 feet. 

"Heferrinji to I'ig. Aq, it is seen that for cantilever brld^i s, imder the 
conditions a>>uiiie<i. vanadium-carbon steel shows for all span-lengths, 
a« in the case oi >iniple-lruss ,sj)ans, a small but material advantage over 
all the otlier st<'els; and that th«' vanadium-chromium steel begins to 
• 1< veloj) an ecouoiiiy over the carbon steel ami the two nickel steels when 
the main o|M ning has a length of about 1,4(K) feet. 

"The author closes the rr'^umi'' of the discussions of his paper on 'The 
Posnbiiities in Bridge Construction by the Use of Uigh-Ailoy Steels' in 
these words: 

"'Summanzing the findings of the discussion and the r^um^, there 
can be drawn the following conclusions: 

"'First. Titanium as a scavenger of carlx>n steel promises good and 
useful results at exceedingly low cost. While it does not increase greatly 



Digitized by Google 



1 
I 

I 

86 BRIDOfi BNOINEERIKG CkUFtBE IV 

the elastic limit or the ultimate strength of the metal, it makes it much 
more unifonn and reliable. On that account it should be employed in a 
few cascij on bridgework; and then, if it be found satiBfactoiy, its adop- 
tion should be made obligatory by the raihoad companies and the other 
builders of carbon steel bridges. 

'^'Second. There appears to be a great possibility in the use of alumi- 
num as an alloy for bridge steel; but, as far as the author can det^rmmei 
very few esqieriments in aluminum steels have yet been made; hence the i 
said possibility is more or less hypothetical. 

"'Third. The possibility of obtaining a good, high alloy steel 
for bridges by the use of vanadium appears to be ahnost a certainty; 
but^ the highest elastic Hmit and ultimate strength which can be 
obtained upon ;i commercial basis by the use of that clciiK'nt can- 
not be determined without making noma elaborate and exhaustive 
experiments.' 




Fi«. 4p. rOriip irntivo Costs of Doulilt'-tiiirk, Simplo-span, Railway Bridges of Carbon 
Steel aiiti Mixc^ Alloy uud Carbon StecLs, ContraBting Vanadium and Nidcd Steds. 



*'In clo-sing this memoir for the International i nKiii* • i nig Congreas, 
tho author fe<'ls iliat he ought to conclude with an fi|)<)l(>gy to such an 
auf;ust a.'?s(>ml>ly for tlu- inlicrt rit personality of practically its entire sub- 
stance — and such an ai)*ii<><ry horowith fondrr* .! with all due respect. 
In extenuation of liis i raiis<ires.->iou, however, he wcniKl state that m r<'- 
lation to the subject of 'alloy-steels in bridguwork/ he has been so ciubeiy 
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Fio. 4q. Comparative Costa of Double-track, Cantilever, Railway Bridges of Carbon 
Steel and Mixed Alloy and Carbon Steels, Contrasting Vanadium and Nickel Steels. 
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connected with the matter ever since its inception that he feels justified 
in applying to his case the words of the renowned iEncas, 

* el quorum pars magna fuV 

''Addenduu, Sept. 11, 1015 

"Ev'cnts in thf clcvclopiiK'nt of alloy f^tcds for Itridi^cwork inrnf raj)- 
idly tlios<? (lays; and as it is probable tliat tho.-c lucnil kts of the ( on^jn -- 
who arc at all intm*sled in tlu* siil)j('( t of this paper would like to hear 
the latest word thereon, the following additional information is presented: 

Silicon Steel 

''There is being used for the main buiit-mcmbcrs of the trusses of the 
C. B. ft Q. R. R. bridfQe, now in process of construction, across the Ohio 
River at Metropolis, 111., an alloy that has been termed 'silicon steel.' 



Its specified composition and characteristics are as follows: 

Phosplioru-s, Mia\. ^h.isic) .' O.O-fJJ, 

Pliosphorus, max. faciei) 0.00%^ 

Sulphur, max 0.06% i 

Carbon, max 0.40<;o 

Manganese, max 2 .00% 

Silicon, min 0 'J')*^^ 

I'lhtiiatf Slrrn<:fh, niin SOOfMt ihs. 

rifini:itc Stri'tiKlh, max <>."i,ihm) 1I)s. 

YicUl I'oiiil, min 4j,0UU Iba. 

Percentage of Elongation in 8 inches - l,i.'CM},000 -r L ltimate Strength 

Reduetum of Area, min. 35re. 

Fracture desifed eUky 

Cold bend without fracture, 

?4 inch thick aiul under d = t 

to 1'2 ituhcs tliick d = 1 5t 

Over melius thick d « 2.bl 



"The excess cost of the rolled silicon steel, as comparetl with the or- 
dinary carbon l>ri<lf»;e steel, is one-half cent jkt pound, and the excess 
cost for slutp work is alront O.lo cent jH'r ))ovin(l. 

"Tlie anthor is curious to know what wi)iil(l l)e the efTect on tlie alnt\c 
steel if tlu' twenty-five |)uints of silicon were either omitted altoj^ether or 
reduced to a niininiuni. His surmise is that very little ditlerence would 
he noted; for, a.s stated in Chapter III, ordinary carlM)n steel containing 
forty points of carbon and al)out sixty-ftve pointi^ of manganciSe has a 
ultimate strenp^th of 80,000 lbs., which would be increased somewhat by 
putting in thirty-five additional points of manganese. 

"The high steel for bridges Specified by the author nearly two decades 
ago in De Pantibus, but never used by him in any of his work, was as 
follows: 

Phosphorue, max (acid) • 0.07% 

Sulphur, max 0 . 05% 
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Silicon, max 

Muiiganeso, max 

Ultimate Strength, niin. . . 
Ultimate Strength, max. . . 

Yield Pointy min 

ElongiUion in S inches 

Reduction of area 

Fr:ictiirr> (losiml 

Coki bead without fracture 



from If) lo 20% 
from 30 to SH% 

silky 

d = 2t 



70,000 Ibe. 
80,000 Um. 
40,000 Ibe. 



0.00% 
0.807o 



**SiK'li bridf^e metal is not greatly infi'rior to the silicon alloy just 
(l(*>LrilHd; and if the ]H'nnissi})lo manpanc^sc wore incri'Mscd from the 
j^pecifi(Hl 80 to the 1(K) points p<'nnitt<'<l in silicon steel, the ditTerenees 
in rcsistanee characteristiwi of the two steels would be somewhat reduced. 
Again, the s{X'cifications for the silicon ste<'I rerjuire all rivet holes to be 
drilled from the solid, an old re(|uirement for hi^li carbon bridge staA. 

** From what precc^ies, the author is led to the conclusion that the 
'silicon steel* of the Metroix)lis Bridge is merely a slightly improved 
form of high carbon steel, notNvithfitandinp: the fact that his friend, C. 
W. Bryan, Esq., C. I*]., Chief Engineer of the American Bridge Company, 
who furnished him with all of the preceding data that are not given in 
Bnqineering News of July 29, 1915, is of the opinion that silicon steel 
suitable for bridgework may be obtained later on with greater elastic 
limit than 45,000 lbs. per square inch. 

"From a oonunercial point of view silicon steel with E » 45,000, and 
at an excess pound i^rice, compared with carbon steel, of one-half cent 
for the rolled raw material, is a close competitor of Mayarf steel with 
E = 50,000, and at a corresponding excess pound price of one cent. To 
prove the correctness of this statement, let us compare the costs of Ma- 
yarf steel and silicon steel, long-span, simple-truss, dou))lc^-track l)ri(lges. 
erected, when the corresponding carbon steel l)ri(lges in place are worth 
4.5 cents per pound. The weights nt metal for an a,ssunie<l spr.n length 
of 7.")() feet, taken from Fig. 4/. are, respectively, 9,f>5() lbs. and 10,850 lbs. 
\egle<tiMg. for eonveiiience, the small variation of cost per jxnnul in- 
volved in the erection, and a.ssuming, as in the body of the i)aj)er, a total 
excess of 1.5 cent.s per lb. delivered at bridge site for the Mayari steel, 
we have the following comparison: 

M:i\fUi Steel, 9,6.50 lbs. at 6^ - $579.00 
HOioon Steel, 10,350 lbs. at 5.5^ » 560.25 



Difference in favor of Silioon Sted » ^.75 per lineal foot of span, or about 1.7 per 



"Since the time when ^[r. Norris furnished the information concern- 
ing vanadium steel that is contained in the body of this paper, he has 
had made two melts of vanadium carbon steel which are of interest to 
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bridge engineers, although the metal was intended lor other purposes 
than bridge building. The results of these tests, whioh are by no means 
ooncluaiYei and which, in their incompletmess, mi^ properly be deemed 
somewhat disappointingi nevertheless hold a promise of the eventual 
attainment of the desired alloy. But to aocomplish this^ future tests 
must be made systematically and in accordance with a programme baaed 
on a thorough study of the problem by an expert bridge engineer who 
has in mind the needs of the advancing art of bridge construction and 
the possibilities awaiting it, if a high-elastic-limit alloy-steel can be had. 
If sucii an invest if^ation were made, it mig;ht be practicable to discover a 
workable and ix'rfoctly satisfactory'' stwl alloy of vanadium (antl |>erhaps 
other special element.s) for the manufacture of brid^;('s. Witli a reix)rt 
from a recognized and disinterest^Ml authority, the cntrinoering profession 
would bo quick to see and avail itself of the advantages ofTonMl by this 
superior bridge metal. Tin* author would Ik* content, if tlu rr were ob- 
tained an alloy, suitable in ever>' particular for bridj^e const ruction, hav- 
ing an elastic limit of 8U,00() lbs. per stjuare inch for ainiealed eye-bars of 
the largest size, and one of 70,000 lbs. per s(]uiu*e inch for plate-and-shape 
steel; but it might be within the realm of ])ossibiiity to raise the last 
figures as much as 5,000 lbs., eq|>ecially as solid drilling can now l>e adopted 
instead of subpunching and reaming without adding mat<»rially to the cost 
of the shopwork. The author is of the opinion that such results can be 
obtained by means cf vanadium, but only, as just menticmed, after a 
thorough and exhaustive investigation shaU have been made by an ex- 
pert bridge engineer. Such a person should be allowed ample funds for 
all leptimate eicpenditures involved in the exact determination of the dif- 
ferent properties of a number of trial alloys of various oompositionB. 
Only in tUs way can the economics of the problem be settled. A picar- 
3runish policy adopted in the malring of any important economic tnvesti* 
gation is more than likely to defeat its purpose, and it is absolutely cer- 
tain to involve a greater or less falling short of ultimate possible success 
in the complete attainment of the desired information." 

After the r6sum<^ of the paper on "Tiie Possibilities in Bridge Con- 
struction by the Use of High Alloy Hteels" had gone to ])rcss, there was 
received from Dr. J. W. Richards, who for twenty years has been the 
Consulting Met?ilhirgist of the Aluminum Company of America, the 
following communication: 

"Hie statoincnts of Lw J. LeConie oonccniing the properticB of aluminum stool do 
not figrof with the rather cxtonsivo invest iVat ions of Sir liobert Hsulfiold, puUMhed 
in the Journal of (ho Jnm and .St<'<'l Institute for 1S«M), Vol. II, pa^o IGI. In that papor 
and its dis<Mission it was shown that a«i<lin't»ns of 2' j per (ont aluminum to 0.22 carbon 
stt'cl had very Uttle elTeet on the ehu^tie limit or hreakinK >tren>?th, but reduced greatly 
the elongation and reduction of tmui, i.e., it maken the metal more brittle. 

"The paper ooodudes by rewwnmwidmg the advisability of adding not over 0.10 or 
0.16 per cent of alnmimim to steel, with the object, not of making an alloy, but tiuift 
ihe additioii may be oonnnmed in deoridiiing the steel. This ifl^ in taok, tho proper 
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uA vahuhUi function of adding aluminum to steel. Fp to 0.1 per ont is added to 
nam III! I steel, 0.01 to 0.06 per cent to open-hearth steel, and O.OOl to 0.005 per cent to 
crucible or oloctric furnace stwl. This may be callfnl nnivcrsal practice in tho ?twl 
industr>% for in pnicticUly every large steel works such nuiiute additions of alumiaum 
are now mmle, to ensure complete deoxidation and produce sounder casting^." 

This .-uh'tTse opinion from such a high authoritj' jis Dr. Richards re- 
duces very nearly to zero the chance of finding by the u.se of aluniinuin 
the desire<l high-alloy steel for l)ridgc\v()rk, notwithstanding the fact that 
Mr. LeCoiite is most enthiLsiastic in his prognostications coui ernliig the 
success wliicli would attend a thorough series of tests of that alloy, as is 
evidenced by a late Irttcr of liis to tlic author. 

The following t-al)lc <:iv(>s a record of tests, furnished through the 
courtesy of Henr}"" W. Hodge, Esq., Consulting Engineer, of the nickei 
steel which he used in his St. Louis Free Bridge. At the right of it are 
appended the averages for all the elastic limits, ultimate strengths, elongar 
tkos, reductions of area, and chemical compoeitioiis of the various specH 
mens and fuil-sise bars tested: 

TABLE 4d 



SmncAnoMs worn Nickb* SnoL akd Avnuoa Tisn orSnBcmiim TsMsmor 





Attribute 


Specified 


specified by 


of All 




or 


Mr. jiodge 


Author in 


Etc. 


Conitituent 


NL St. for Br. 


Tests 


Ummnealed 


£Uastic Lim. 


rt'),m) lbs. 


60,000 lbs. 


60,250 lbs. 
99^ lbs. 




Uhimste 


95,000 lbs. to 


ia5,()00 lbs. to 






110,000 lbs. 


120.000 lbs. 




Elong. in 8'' 


16% 


15% 


17.9% 




Red. of Area 


26% 




83.3% 
66^0)8. 


.\nneal«'<l 


BSastic Lim. 


.V2,()00 lbs 






Ultimate 


*M),UMJ to 






105,000 lbs. 




91,9«01bs. 




ElotiK. in 8" 


20% 




22.6% 




Ke<!. of .\n\'i 


35' ' 




•11 .S% 


FuU-ttixe Bars 


Ela.stic Lim. 


48,000 lbs. 


49,500 to 


55,890 lbs. 






57,750 lbs. 




Ultimate 


85,000 to 




91,020 lbs. 






100,000 lbs. 


105,000 lbs. 




Red. of Area 


36% 




36.2% 




Elonji. in 18' 


W% 


10^ fin 10') 


14 4% 


Chemi'^.i! 


Carbon 


0.45% max. 
0 04% max. 


0.42% max. 


0.38% 


Compotutiun 


Phosphorus 


0.03% max. 


0.012% 


Sulphur 


0.04% max. 


0.04% mux. 


0 03% 




Mansaaeae 


0 7 %: max. 


0 75% max. 


0.58% 




Nickel 


3.25% av. 


3.50Vo av. 


3.45% 



The preceding table will give a means of comparing thr rharart eristics 
cf the nickel steel wliir'li manufacturers are wnlling to furnish with those 
of the alloy as specified by the author in ''Nickel Steel for Bridges.'^ 

In respect to the Elastic Limit (the most important characteristic of 
iD, in thni It detennines the intensities of working stresseSi) Mr. Hodge 
ipeeified SSfiOO lbs. per square mch as a minimum for unannealed specie 
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mens, as against ihv autlior's GO.OOO, while the tests showed .an average* 
of 60,250, with ()3.940 as the high(\st record and 53,r)80 as tlie lowest. 
In only one case did the elastic limit fail below Mr. Hodge's minimum 
of 55,000 lbs. 

In respect to the ultimate stren^:th of unanncaled specimens, Mr. 
Hodge specifieil 95,(X)0 lbs. as a minimum and 1 10,000 lbs. as a maximum, 
as against the author's 105,(KX) and 120,(K)() 11 )s. respectively, while the 
tests sliowed an average of 99,850 lbs., with 109,150 as the highest rword 
and 91,000 as tlie lowest. In four cases only did the ultimate strength 
fall below Mr. Hodge's mmimum of 95,000 lbs. 

In respect to the elongation of test specimens in 8 inches, Mr. Hodge 
specified 16%, as against the authQr's 15%, while the tests showed an 
average of 17.9%, with 24% as the highest record and 10% as the lowest. 
In four cases only did the elongation fall below Mr. Hodge's specified 
mimmum of 16%, and in one case only below the author's minimum of 
15%. 

In respect to the percentage of carbon, in no case did the quantity 
jised exeoeti either the maximum of 0.45',< specified by Mr. Hodge or 
that of 0.42% six'citied l)y the author. The average for all the tests 
was 0.38% — the exact average requirement given in tlie author's specifi- 
cations. 

In respect to the ])ercentaRe of ph()>j>horus, in no case did th(» quantity 
recorded exceed either Mr. Hodge's limit of 0.01' ^ or the author's of 
0.0'.V/'( , the average being only 0X)\2^/l, showing tliat the steel was well 
purified from this most objectionable ingredient. 

In res[)ect to the ]>erccntage of sulphur, in no case did the quantity 
rccordcxl exceed tin- O.Ol^; specified by both Mr. Hodge and the author, 
the average being 0.03%, indicating that the steel was satisfactorily free 
from this impurity also. 

In respect to the percentage of manganese, the records show that the 
amounts used were always below the 0.7% specified by Mr. Hodge and 
the 0.75 specified by the author, the average i)eing 0.58%. It is probable 
that the use of ten or fifteen more points of manganese would have strength- 
ened the steel materially and raised its clastic limit several thousand 
pounds without mducing any objectionable characteristics. 

In respect to tlu ])< rcentage of nickel, in no case did the record show 
loss than the 3.25%, minimum, s]7ocified by both Mr. Hodge and the author, 
or exceed the latter's sj>ecified maximum of 3.75% . 

Ill resjM'ct to the elastic limit for full-size eye-l)ar^. in no ciuse did it 
fall below the limit of 48, (KM) ll»s. p<'r s()uare inch sp<'cirie{l by Mr. Ibxlgc; 
luit in eight instMuces it faih'd to come up to the author's spccilicd r«'<iuin^ 
meiit, which, by tin* wav, vnries inversely with the thickness of the bar. 

In resjMM t to the ultiiu.itr >tren(z;th of full-size <'ye-l)ars, in three in- 
stances it Wiis than that sjM'cified by .Mr. Ilod^e; and in mo.st Ciises 
it yfum well below the author's ^|)ecihcatiuQ. The average thickness of 
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aU the bars is 1 /32". for which t ho latter specification would call f(^r.an 
oltiin:itr strength of about 96»000, while the average is only 91,000 lbs. 

With the exception of one bar which broke in the head, all the bars 
complied easily with Mr. Hodge's specificatioa for elongation. 

It is evident by the preceding deductions from the table that the 
nickel steel furnished for the Free Bridge at St. Louis failed to come up 
to the specifications i^ven in "Nickel Steel for Bridges"; and it will be 
mteresting to surmise as to what should have been done to it in order 
to make it comply therewith. 

first: As to Flate-and-shape Steel, the amount of nickel employed 
was just right, as was also the amount of earlwn; and the jx rcentnges 
of the impurities, phosphorus and sulphur, were kept down yiro]>rrly; - hut 
tlif avt-rase for iiian<i.aiiese was twelve points tou low. The a\ ciaiiie elastic 
limit was only 2.j() Ihs. above the author's sixrified niiniinum. and 
the avfnij^e ultimate strent^th was some r),(KH) Mis. helow the same. While 
it is prol)ahle lluit the addition ul twelve i)()ints of manganese would have 
brought th<' elastic limit nearly, if not quite, up to tiie author's re<iuire- 
ments, ii is not likely that it would iiave doue so for the ultimate strength; 
hfuce some additional treatment would have been neee.ssarj'. Passibly 
the author's recjuirement for minimum ultimate strengtli is too severe. 
It makes the ratio of elastic limit to ultimate 0.57, while Mr. Hodge's 
corresponding ratio is 0.58, which coincidence would tend to show that 
the trouble does not lie in that requirement." Probably its real cause is 
too great a variation in the values of both the elastic limit and the ulti- 
mate — especially the latter. To conect this objection the addition of a 
small amount of titaiiium to the molten charge would likely be successful. 
Its use would probably uicrease both the average elastic limit and the 
ultimate a few thousand pounds each and make the product much more 
unifonn. The experiment is well worth trying. 

Second: As io Eye-bar Steel, the amount of nickel employed falls 
short of the author's requirement by 0.8%, the amount of carbon 
by 0.07%, and the amount of manganese 0.22%. If these de- 
ficiendes were made up, it is more than likely that the elastic limit 
and the ultimate strength of full-size eye-bars would readily comply with 
tho author's speeification.s — especially if a little titanium were added to 
make the nieial miii'orm. 

Coneendng the bt lufieial eft'ect of the addition of titanium to steel, 
the reader is -eferred to the di.scussion by Monsit ur Petinot of the au- 
thor's before-mentioned pap<T, ''The PossibiUti( s in Bri<l^e Construction 
by the l of High Alloy Steds/' pul^lLshed in the Trauisactious of 
the Americau iSociety of Civil Eugiiieeni. 
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CHAPTER V I 

BXAD LOADS ' 

I 

The dead load for ai^ bridge usually confliste of the welgbtB of those 
parte of the permanent structure, which from their position eause otieaaes | 

on the trusses or prders; but sometimes an extraneotis dead load is al- 
lowed for, such, for instanco, as snow or an accumulation of dirt, or a | 
line or lines of pipe for water or gas, or an extra thickness of floor plaiik, 
or a possible future pavement. .\11 parts of the structure resting directly 
upon or over tlic piers are to l)e omitted when figurinp^ the dead load, 
such, for iiLstance, as pedestals, end floor-beams, end bents in deck struc- I 
tures, and the portal bracing when the end posts are made vertical instead ; 
of inclined. I 

In all simple span trusses the dead load is assumed to be uniformly 
distributed over the entire length of span, and this is approximately cor- 
.rect; for the chords are heav>^ at the middle and light near the endsy I 
while the web is the reverse. WIk ti the chords are parallel the assump- ' 
tloQ of uniform distribution is almost exact, but in long spans when the 
top chords are polygonal the web is not much hea\ner at the ends than 
it is at the middle; but, on the other hand, the chords are more nearly 
uniform in weight from end to end, and the lateral aystem beoomea heavier 
as the ends of the span are approached. On the whole, this asBumptkm 
of unif onn distribution of dead load for simple truss flpans is exact enou|^ 
for all practical purposes. 

But in the case of cantOevers, arches, long swini^spans, bascule bridges, 
and some other unusual types of structures, the dead load is not uniformly 
distributed over the entire span, and an assumption that it is would 
suh in emn too large to be peimitted. In such eases it is first neo- 
essary to assume the various panel dead loads, then design the bridge and 
compute them. If the resulting agreeiiunit is fiiirly close, well and good; 
but, if nut, new dead loads are to })e a^.^vmied, the corresponding stresses 
are to be figured, the proix^rtioning of parts is to be done anew, and the 
resulting dead loads are to be computed. The secuml set of calculations 
should give a very^ close agreement; but, if not, the work must be gone 
through again ^^^th a third assumption of dead load distribution. In 
case of large or c()mi)lieated structures it is best in figuring dead load 
stresses to adopt tlie miit load method described in Chapter X in order I 
to facilitate the recalculation. I 

In ordinary spans it is customarj'' to assume that two-thirds (%) of 
the dead load are concentrated at the panel points of the lower chorda 
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in throiigli-bridges and at those of tho upper rliords in deck bridges; and 
one-third {H) of the dead load at the panel points of the upper chords in 
through-bridges and at those of the lower chords in deck bridges. If a bridge 
earn,' a very heavy, paved (loor, it would be better to make the diviiiion 
thr(H'-(]aarters (^4) antl oniMjuarter and in some extremely long spans 
it might be better to assume sixty (60) and forty (40) per cent; but this cUvi- 
sioii ol the dead load i<: not an importaot matteri as it affects gOQeraUy only 
the vertical posts, whicii often have an excess of section; consequently 
any error in truss stresses caused by an improper division of dead loads 
above and below need cause no one any uneasiness. 

The rule given in the specifications of Chapter LXXVm is that after 
a span has been figured and the assumed dead load has been checked by 
the weightB obtained from the diagrams of stresses and the computations 
ol details, if there prove to be a variatioa exceeding one per cent of the 
sum of the equivalent live load, the impact load, and the actual dead 
load, the ot w MDeo and the proportioning of parts are to be calculated again 
with a new assumed dead load. It is better that the assumed dead load 
dMHild be too hi^ rather than too low, as such an excess tends to increase 
all stresses except those in counters; and in modem bridge designing the 
latter an; confined to cheap highway spans. If an extra large dead load 
Is a.ssumed so as to provide for future i>ossibilities, the minimum instead 
of the great«?t possible dead loarl should be employetl in figuring counter 
stresses, since the ofTect of tho dead load is to reduce these. 

The folloN\'ing are the unit weiglits of all the materials that ordinarily 
alter into the const ruction of bridges: 

Cre^jsoted lumber, from four and one half (4^ 2) to five (5) pounds pvr 
foot board measure. Oak and oth(T hard woods, excepting those fnmi 
Australia and New Zealand, four and a quarter (43^) pounds per foot 
board measure. Some varieties of Australian timber, used occasionally in 
bridge floors on, the Pacific Coast, six. (O) ]M)un(ls i)er foot board measure. 
Yellow pine, three and three-quarters (3^ pounds per foot board measure, 
^liite pine and other soft woods, two and three-quarters (2^ pounds 
per foot board measure. 

Rails and their fastening^ for firstpdass, standard-gauge raihnoads 
(both steam and electric), about seventy (70) pounds per lineal foot per 
tnek. If the rails adopted be unusually heavy or unusually lig^t, their 
esnet weight (including fastenings) per lineal foot per track should be 
figured and used when computing the dead load. 

Concrete, from one hundred and forty (140) to one hundred and 
axty (160) pounds per cubic foot, according to the character of the stone 
or gravel used in its manufacture. For reinforced concrete five (5) pounds 
are to \n; added to the preceding unit we ights. 

Asphalt pavement, including binder, one hundred and twenty (120) 
pounds per eubic foot. 

iirick pavement, one hundred and forty (140) pounds i)er cubic foot. 
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Bteei» four hundrad and ninefy (400) poundB per cubic foot. 
Earth (used as a covering for mafiomy or concrete arches) one hundred 
(100) pounds per cubic foot. 

Broken stone for ballasted floors, one hundred (100) pounds per cubic 

foot. 

Snow, compiietcd, fifty (50) pounds per cubic foot. 
Water (cairied in pipes), sixty -two and a hidf (62.5) jx>undi> per cubic 
foot. 

In romputinjr (\viu\ loads for all ordinary bridges the \s('iglii> «»f luctiU 
givi'U in the dia.^innis of C 'haptor LV will be found of p^cat assistance. 
In the ca.sc of cantilever briilges, the probable weight of metal and its 
distribution van be ascertained from Chapter XXV as well as from the 
diagrams of C'hapter LV. 

In assuming dead loads for arches, the information given in Chapter 
XXVI will enable one to estimate |)retty closely to the actual dead loaibj, 
but the computer is advised to study the question ver>' carefidly, as the 
weight of metal in any arch bridge will depend considerably upon the num- 
ber of panels, the ratio of rise to span, and the general type of structuro. 

In suspension bridges it will be necessary to know the weight per 
lineal foot for steel cables of various diameters. While these vaiy slightly 
in differrat makes of rope, those given in the following table for twisted 
cables will be found sufficiently accurate for all practical purposes. 

TABLE 5a 

WEiuara of tyiLEL Caulks 

Wcijjht of Rop«? In 
DiaBWCer of Kop* Pounds pw Lineal Foot 

1" 1.70 

m" * . 2.65 

1'." 3.S2 

P4" 6.20 

• 2" 6.80 

2H" 8.60 

2! 2" 10.62 

2?4" 12.80 

6" 15.30 

For intermediate diameters the weights may either be interpolated or 
found by the formula, 

W « 1.7/)% 

where 11' is the weight oi rope in poiinLl.s i>er lineal foot and D is itb diameter 
in inehes. 

In a cal)le etjnipuM'd of straight wires, if n is tin- ninaber ui wues, 
the diameter of each wire, and D the diameter ol liic rope, 

n = 0.77(^); 

and if ic be the weight per hncai foot for a single wir6 and W the weight 
per lineal foot of the rope, 

W = ULU ~ 0.77 w ^—j^ J» 
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There is another loading in the nature of a (Uad load that must not 
be omitted from consideration, viz., the uplift loading at the ends of 
fifwing spans, producing reverse dead load streflBas. This is treated at 
length in Chi^iterLXXVIII, to which the leader krefen^ Theamounte 
of upUft there given are as great as the usual machinery is capable of 
handling — possibly sometimes greater— for in a well-deeigned bridge the 
assumed hei^t of the uplift at either end <tf span should be made a trifle 
in eoBcesB of the rise caused by the greatest possible live load, with its un- 
pact included, that can come upon the other arm. The reverse dead load 
strpsses throughout each arm, due to uplift, should be considered only 
wlion they tend to augment the section of the piece; l^ecause, although 
it is true that they act in conjunction \vnth the live load, it i.s possible 
that they may uot ahvays exist — at least not to the extent of the amounts 
computed. 



Digitizca by Go 



CHAPTER VI 



UVS LOADS 



In the early days of railway bridge designing the live load adopted 
was a simple uniform advancing load, amounting to about two thousand 
(2|000) pounds per lineal foot. This was soon increased to a long ton or 
two thousand two hundred and forty (2240) pounds per lineal foot. The 
next step was to place a locomotive at the head of the train, giving the 
spacing of the various axles and the loads upon them; and as it became 
customary to use double headers to haul long trains, the bridge loadings 
were soon increased l^y providing for two engines in advance of the cars. 

Theodore Coop<*r, Ksq., ('. K., was one of the first engiiiet'rs to t^stab- 
lish staiu i;inl live loads for railway bridges. He had in his first bridge speci- 
fications tliree cla-sses thereof, as follows: 

Clan A. Two consolidution enRincs, oach witli its tender being about fifty (50) feet long 
An<i wf ipliiriK ^^>fi tons, rollowrnl by a train of can weigtiiiig 3,000 Iba. per 
lineal fuut, the axle loads being us follows: 

Pilot lbs. 

Drivers, each 24,000 lbs. 

Tenders, each 15,000 Dm. 

Glass B. Two consolidation engines of like leni^th and wheel spadng, each with its 
tender weighing 80.5 tons, followed by can weiglung 2,ZiO ttw. per lineal foot, 
the axle loads being as follows: 

Pilot l.-.OOO IKv*. 

Drivens, each 22,000 lbs. 

Tenders, earh U/fOO lbs. 

Class C. Two mogul »'n({in<*s, each with its tender bein^ ;il)out f«)rty-Heven (17) feet 
long and weighing 71.5 tons, foUowod by cars weigliing 2,000 lbs. per lineal 
foot, the greatest axle loads being as foUows: 



Th(\se live loads of Mr. Cooper's have been gradually increiised from 
time to time, until, in 1906, In^ h< iivicst enpnc and tender weighed 177.5 
tons, the corrcspondinpc car load being 5,000 lbs. per lineal foot and the 
axle concentrations as foUows: 



The example set by Mr. Cooper was quickly followed by many of the 
railroad companies, which established standard five loads of their qwn, 
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Pilot... 

Drivers. 
Tenders 



15,000 Bia. 
25,000 0)6. 
13,500 aw. 



Pilot... 
Drivers. 
Tenders 



25,000 Iba. 
50,000 lbs. 
32,500 0)0. 
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afamoei no two being aUke, thus causing infinite labor and trouble for the 
oomputen of the bridge companiee. This, however, was by no means 
the limit of their inqpoeitian, for soon the standard apedfioations called 
for the oomputations of stresses for two alternative loadingB, then three, 
four, and in some extreme case five slightly different live loads. The 
I figuring that such specifications necessitated was eaonnous, and, more- 
over, it was useless; for a single live load would have answered the pur- 
pose just as wdL As the raihoad engineers who wrote the spedfieations 
very seldom did any of the oomputing themselves, they did not recognise 
I the extent to which they were imposing absolutely unnecessary labor 
upon the enginitriug profession, or else they were indifferent; for not 
only did tliey require every bridge member to be figured for eaeh engine 
load, but they also insisted that all eakulations should be made by the 
80 called "exact method" of axle concentrations; of which more will l)e 
said in Chapter X. As time went on the railroad companies kept in- 
creasing the weights of their locomotives and trains, and the standard 
bridge specifications luu! constantly to have their live loads modified to 
keep pace with the increase. 

In 1891, 1892, and 1893 the author made an extended investigation 
of the railway live load question by a systematic correspondence with 
the chief engineers of all the principal railroads of the United States, 
i Canada, and Mexico, obtaining a consensus of opinion by several letter 
I baUots. The results of his investigations were published in the Trans- 
f actions of the American Society of Civil Engineers and in the technical 
press; and th^ evoked considerable discussion in the latter. All of these 
writings and diseussions have been collected Mr. Harrington and 
published in hb book, "Principal Professional Papers." Even while this 
investigation was bang made during the short period of two yean, it 
was found necessary to advance the live loads, as can be seen by com- 
paring the plates opposite pages 272 and 458 of Mr. Harrington's book, 
f^nom these it will be noticed Uiat the tender axle loads. were increased 
three thoasand (3,000) pounds each, and anothw standard loading, vis., 
Class T, wa,s added. 

The result of the two years' investigating and balloting was the es- 
tablishment of what wjis tenntd ''The Compromise Standard System of 
live Loads for Uailwa\' Bridges," which is reproduced in Fig. 6a. An 
inspection of this will show that for the hghtest loatling. Class Z, the 
weight of one engine and tx'uder was ninety-three and one-half (93.5) 
tons and tlic car load was three thousand (i).(K)O) pounds per hneal foot, 
the axle loads Ix ing fifteen Ihousand (15,000) pounds for the pilot, tw(>nty 
five thousand (2o,000) pounds for the drivers, niid eighteen thousand 
(18,000) pounds for the tenders. For the heaviest loading. Class T, the 
weight of one engine and tender was one hundred and forty-four and 
one-half (144.5) tons, and the car load was four thousand two hundred 
(•^200) pounds per hneal fdoti the axle loads being twenty-one thousand 
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(21,000) pounds for the pilot, forty*thrce thousand (43,000) pounds for 
the drivers, and twenty-four thousand (24,0(X)) pounds for the tendeis. 
There were also alternative loadings for short spans consisting of two 
heavy axle loads spaced seven (7) feet centres, and varying from forty 
thousand (40,000) pounds each for Class Z to fifty-two thousand (52,000) 
pounds each for Class T. These live loads were incorporated in the first 
edition of De Pontihm (1806) and sufficed until 1900, when the author 
issued his book, "Specifications for Steel Bridges." In this he increa«=»ed 
by regular gradations of axle loads the number of standard loadings l)y 
lidding Classes S, U, a'ld Q, the total weight of one engine and t<»nder 
for the latter being one huiuhrd and seventy (170) tons, the ear load 
four thousand eight humlred (1,800) pounds per lineal foot, the pilot 
axle load twenty-fr)ur thousiind (24,(KX)) ])<)unds, the driver axle loacl 
tifly-two thousiind (o'ijOOO) ]>ounds, the tender axle l(uul twenty-seven 
thousand (27,000) pounds, and the alternative axle lojid fiftN^-eight thou- 
sand (58,000) iMJunds. These heavier standanl loadnigs were ineor|X)- 
rated in tin; s( cond edition of Dc Pontihus, whieh wius issued in 1003. 

About thiii time, though, eertaiu railroad comi)anies in order to make 
long runs, especially through the arid yiortinns of the Western States, in- 
creased the capadties of their tenders for both coal and water, and, in 
cons(vjuenee, issued new live load diagrams differing from both those 
of the Compromise Standard and the standards estal»lished by Mr. Coojx^r 
in his various bridge specifications. The latter, by the way, differed but 
slightly from those of the Compromise Standard, the principal variation 
being that Mr. Cooper's axle loads were all multiples for the different 
daasGS, while in the Compromise Standard the axle loads varied by con- 
stant mcrements. The multiple feature is a slight convenience, mainly 
in computing the equivalent uniform loads and the total end shears. The 
reason that it was not adopted for the Compromise Standard was that 
it would not fit in with the averages deduced from the ballots voted by 
the chief engineers of the various railroads. 

Of late years the tendeney luis been to inerease materially the weights 
ol engines, tenders, and ears, and it was not very long before certain 
railroads began to s])eeify live loads even heavier than Waddell's Class 
(2- There was one notieeai)le feature in their loa-lmu;^. however, viz., 
that th(> total Ien;i;tlis of loeoni(»tives and tenflers wi re increased, thus 
reducing the avcia^e loads ]m i- rm« ;i! toot and making the ett'ective increase 
in live loadings more a|)|)ar( iil liiaii real. 

In HM>4 at the animal convention of the American Society of Civil 
Engineers, Heiuy W. Hodge, Kscp, C. E., read a paper on **Live Ix)ads 
for Railroad Bridges"; and it was largely discussed both at the meeting 
and subsequently. The paper and the discussions are printed in Part 
A, Vol. LIV, Of the Society's Tranmctima for 1905. Mr. Hodge recom- 
mended that any road which expects to do an ordinary' traffic, or to cany 
the freight delivered to it by other large systems, should not use an e&- 
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gine load having less than fifty thousand (50,000) pounds on drivers^ fol- 
lowed by ft car load not leas than five thousand (5|000) pounds per lineal 

Class Z 

Total ireii^f of one engm oTd fender • ^3»5 tons. 
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Fw. 6a. The Compromiae Standaid Systm of Live Loads for Railway Bridges. 

frx)t. He stjite<l also that, in liis (>i)ini(»n, the probable limit of engine 
would consist of locomotives weighing with tender nbout two hundred 
and forty (240) tuns on a wheel base of fifty-two (52) feot and having 
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axle loads of thirty-five thousand (35,000) pounds for pilots, seventy 
tlioiisand (70,000) pounds for drivers, and forty<»ne tliousand (41,000; 
pounds for tenders. In respect to ear loads Mr. Hodge stated that while 
the heaviest loaded coal cars weigh four thousand (4,000) pounds per 
lineal foot, there were in use on the Monongahela Connecting Railroad 
of Pitts) )Tirp: iron ore cars wei^ng when loaded seven thousand three 
hundred (7,300) pounds per lineal foot. Several of the gentlemen who 
disciissed the paper came to the conclusion that a hve load involving 
fifty thousand- (50,000) pound driver axle loads and car loads of five 
thousand (5,000) pounds per lineal foot Is as large as is necessaiy for 
railroad brk^geB. 

Such were the opinions of en^neers in 1904. 

In the sununer of 1907| the author, in order to obtain the latest prac- 
tioe concerning railway live loads, sent to the chief engineers of .all rail- 
roads in the United States, Canada, and Mexico, having a mileage of 
one thousand miles and upward, the following letter: 

"We tie about to make scmie investigations oonomiiig bridge^ the result of which 
it iH our intent inn to prt^ont evontiinlly to the ^iginaeriiig praCesBioD; and we find it 
necessary for our piirpo.Mc to colloct (M-rtain data. 

"At proiicnt we are dealing with the live load question; and we should like to obtain 
from you a copy of the standard bridge qiecifications of your railroad, coutaining the 
Sve load diagram that you employ. 

*'We should be pleased to imow whether yoa deem your standard loading heavy 
( iiough for t!ie future as well a.s for the preeoit, and, if not, to iHiai extent you think 
it may have to be increased during the next toi yean." 

To this Iett(»r there were received rej)lies from eiiginei^rs representing 
one hundred and fifty thousand (150,000) miles of line; and a compen- 
dium and digests of tlie data accmnuhited were made, from which it 
was seen that the average driver axle load tlien sp( rified by the hM>/ling 
American railroads wa.s fift> -one thousand one hundred (51,100) pounds, 
and the average car load four thousand nine hundred and sixty six (4,966) 
pounds per lineal foot. About twenty-five (25) per cent of the railroads 
that replied to the drcuhur were contemplatmg an increase hi theur speci- 
fied live loads; hence it is evident that the general opinion of the gentle- 
men who discussed Mr. Hodge's paper conceniing the sufficiency of a 
fiffy thousand (S0|000) -pound axle load was incorrect, and that Mr. 
Hodge's suggestion that such a load be considered as a minimimi is justified. 

Some interesting deductions were made from this oompendhon con- 
cerning the relative vahies of the vanous axle loads and the car loading 
per lineal foot. Calling the driver axle load unity, the average pilot 
axle load is 0.47, the a\erage tender axle loud ib 0.65 and the average 
car load ])vv lineal foot is 0.10. 

Biused upon the precedinj? information the live loads tabulated in Fig, 
66 have been adojit^ed b} tlie author a.s hi.s new standard. 

It will be seen that the loads for the different classes are multiples of 
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eadi otber* This metliod was adopted beeaoM it does not appear to oon- 

ffict materially with the present average ]:)raetice of the railroad chief 

engineers, and because, as before ^ated, it simplifies the preparation of 
the curves of (quivalent uniform loads and tutal iiul .shrars. The pilot 
axle loafi has been made fifty (5U; per cent of the driver axle load, the 
tender axle load has been made seventy (70) per cent of same, and the 
car load jx r lineal foot ten (10) per cent thereof. The reason for using 
a slip}itl>- higher per cent than the average for tlie tender loads is the 
fit* t that many railroads are now mi^lfipg a practice of attaching heavy 
new tenders to their old locomotives. 

The new standard has been started with the light loading of Class 
40 as an accommodation to the cheap, new railroads of the West that 
cannot stand the expense of putting in heavy bridges; but the author 
IB advking hia dienta not to uae any lighter load than Claaa especially 
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Fig. 0^. Live Loads for liuilw uy Bridges. 



for truss bridges, as locomotives of that weight arc in constant use on 
many railruad.<^. The nt^w standard differs from that of Mr. Cooper 
mainly in the greater tender loads, but also in the lengths of engines and 
tenders and in the heavier classes ad()])ted for future possibilities. The 
total length from tlie first pilot to the cars is only one foot greater than 
the average sho^n on the digest table of loadings. This increase is a 
move in the right direction in view of the fact that the present tendency 
is to augment the lengths of both locomotives and tenders in order to 
accommodate their greater weights. 

Figi. 6^ 6d, and 6e show the end shears and the equivalent unifonn 
five loads for the new standard. The apparent inconsistency between the 
readings pven in Fig. Od and those in Fig. de for 100-foot qMins is 
due to the fact that the equivalent uniform loads for plate-(^er spans 
were computed so as to produce the correct moment at mid-«pan; while 
In the case of truss qpans the equivalent unifonn loads were figured so 
as to give ocfmct moments at the quarter points, calling for a somewhat 
greater load per foot of span. For further explanation see Chapter X. 
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In the author's opinion, it is not likely that much heavier UkuIs than 
Class 65 will be needed at all M:*'i»'''«'illy for many years. He is also of the 
opinion that Dass 70 appronclK s (•Ii»h(»Iv the prartipMhle limit for loco- 
motives, tenders, and trains of cars, unless tlx' fj-"Uim' of i-ailroad i)e in- 
creased; hccanse any materially greater loading would l-o decidedly Iojh 
heavy and. therefore, not only very injurious to the track because? of 
sway but also actually dangerous on account of the tendency to overturn. 




Length of Jpon in fisef 



Fig. 6c. Maximum End Shears for Piate-gtnier 8pana of Railway Bridges. 

The preceding paragraph was written in 1900; and just six years 
later an opportunity has occurred for checking its correctness, for In the 
. March, 1915, Btdletin of the American Railway Engineering Association 

thm is a timely and interesting ])aiHT on "Heavy Locomotive Loadings" 
by A. C. Invin, Esq., C'. K., of the Knginwn'ng Department (^f the Chicago, 
Milwaukee, and St. Paul I{ailway. In ir he gives thirhm ex.imples 
of the iicaviest engine iuadiugs per rail and an "equivalent" comparison 
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vdih an extcasion of Cooper's "E Ix)adings," showing that the "Mallet 
Triplex" loading of the Erie Railway for spans of about 100 feet would 
just reach Class E72, that the Mallet loading of the Atchison, TofXika, 
and Santa Fe »S\'stem (Class 3,000) equals Class E67 for spaas ranging 
from 80 to 100 feet, that the Mallet loading of the Chicago, BurUngton, 
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Length qf >5pan m fvet 

Fio. 6rf. Equivalent Uniform Live Ix>ads for Plate-ginlcr Spans of Hallway 

Bridgets. 



and Quincy Railway (Class M2) is equivalent to Class EGG for spans 
of 3o to 45 feet, that two other Mallet engine loadings are equivalent to 
Class E65, that a majority of the loadings e(iual or exceed Class EGO, that 
all but one exceed Class E55, and that tlic one exception is e(iuivalent for 
short spans to Class EoO. This shows the necessity for adopting a heavy 
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live load for the luid0eB of aay line that is likely ever to use eogmee of 
the MaUet type. 

As the live loads adopted for this treatise are about one per oeat heav- 
ier than the eorrespomyng live loads of the extended Ckx)per standard, 
it is evident timt there b today only one live load exceeding the author's 




§ 106 ao 300 4^ 5ai 6O0 760 ioo 900 mo 

Lme?gi^ <^ ^pao m Feci" 
Fio. 6e. Equivaknt Uniform live Loads for TVum Spans of Raibraj Bridpe. 



Class 70— and that by merely one per cent and solely for spans of about 
one hundred feet. It must be remembered that as yet engines of the 
Mallet type are used on only a few raihoads, and not many of them ghre 
as great bendmg moments as does Class 65 of the live loads adopted by 
the author; hence his inrognostication of six years ago has been verified. 
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In doabMsaok bridge, In aooofdanoe ivith the theoiy of probaliUi- 
I tiea, it b permiflnble and often adviaable to use more than a single dasB 
of live load, one for rtringers, a lifter one for floor-beams^ and in long 
] >qian8 a still lighter one for trusses. The reason for this is because, while 
I the stringers are likely to receive occasianaUy the heaviest engine loading, 
I the floQi^4)eam8 are not liaUe to have to support more than once in a 
I gn'at while two such engines with their wheels in the worst possible posi- 
liun; aiul Ix'cause, while a iiain on one track us heavy a.s the standard 
hve load is a bare possiljility, .such u train on each track is a condition 
that \N'ill probably never exist, and tlie longer the span the greater will 
be the variation betwi en the actual greatest loading and that composed 
of the two standard live loads. 

Not many years ago but little or no attention was paid to live loads 
for street railways on bridges, as the cars were so short and light that thdr 
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weijrht did not exceed that of a very lu av\ wagon, and was much less 
than that of a road-roller. In those days llie usual way to provide for 
the carrying of a street railway over a hif^h\\ay brid^r was to double 
the joists beneath the rails. Today the circumstances are quite differ- 
ent, for, since the advent of electric railroads, the street railway Uve loads 
have been steadily on the increase; and now there are in use cars about 
sizty feet long that \iill w^gb when fully loaded one hundred and twenty- 
five thousand (125,000) pounds, or about two thousand (2,000) pounds 
per lineal foot. In order to accommodate ail t>T>e8 of street railways 
and interurban roads the author has adopted the standard live loads 
lor bridges carrying eieetric railways shown in Fig. Qf. 

Hiese six classes ou^^t to suffice for many srears to come; for, as &r 
as the author knows, there are no city or suburban railway cars in eods- 
tcnoe wliicii, wben fully loaded, will quite come up to Class 35. As for 
the number d cars per train, it b assumed that it is either limited to two 
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or that it k a matter to be decidcHl for each individual case as it arises. 
Under no condition should the number be lees than* two, and it is im- 
probable that it would em reach as high as six, oonsequentty tiie diagram 
of eqiuvaknt uniform loads for each class has been figured for two, three, 
four, five, and tax. cars in the train. These curves are shown in Figs. 
6(P to 6n inchiaive. 

The lack of agreement between Ihe readings given hi Fig. fih and 
those m Figs. 6», Oft, dl, Qm and On for 10(X-foot spans is accounted 
for the diffefence in the methods of computing equivalent milform 
live loads, as explained previously in this chapter in the case of steam 
railway loadings and also in ( 'luipter X. i 

Live loads lor highway bridges usually consist of so many pounds per 
square foot of floor with an alternative loading (that seldom afToots more 
than the iloor system and thu primarj'^ truss nK'inlxTs) cnusisting of a 
roiid-roller, a traction engine, or a very heavily loaded motor wagon or 
lorry. 

For many years it lias hpvw conceded that the greatest live load which 
can come upon a higliway bridge consists of a crowd of people. Such 
a crowd collected promiscuously is not likely to weigh more than eighty 
(80) pounds per square foot of fioor, but an unusual jam might easily 
increase it to one hundred (100) pounds, or even more. A number of , 
experiments have been made to ascertain what weight of men could be | 
crowded into a limited area. Old experiments gave loads varying from i 
eighty-four (84) to one hundred and twenty (120) pounds per square foot; i 
but some modem ones show much higher results, reaching in one case 
to about one hundred and ei^ty (180) pounds. Considering the fact i 
that for reasons unvolving personal comfort, people will not pennit them- 
selves to be crushed in a crowd, it is evident that in determining live 
loads for highway bridges there is no necessity for assuming extraordinary 
conditions which are extremely unlikely to exist. Moreover, it must be 
remembered that with a densely packed crowd of p( ople there will be 
little or no impact, owing to the fact that the motion of such a concours** 
is cither very small or practically nil. As modem bridge designini: in- 
volves almost uiii \ < i 1 he ad(htion to theassumeil live loads of a \ariaiiif 
allowance for iiii]»a( t. wliich in the case of very short, narrow highway 
spans amounts to about sixty ((>0) |kt cent, it is evident that the ignoring 
of exet'ssively hea\'>' cnjwds of pioplo in pro])ortioninp; l)ridges is ])ertectly 
. legitimate. Again, in bridge (irsigning the tiicoiy of probabilities, or. in 
other words, sound eomnioii sense, must bt: eini)loyed when specifying live 
lojuls; for it is evident that a long s])an is not so likely to be ioatled to 
the limit !is is a short one, and that the longer the span the smaller should 
be the live load per square foot of floor adopted. Should, m any extreme 
and unusual case, the specified live loud be exceeded somewhat, no harm 
would be done, as the result would simply b(^ a short-lived encroachment 
on what used to be termed the "factor of safety." 
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The uniformly distributed, highway, hvc- loads adopted for the speci- 
fications of this treatise, given in Fig. Go, are those of Waddell's De Povr 
iibus. They vary for Class A from one hundred and twenty (120) pounds 
' per square foot of floor in very short spans to sixty (60) pounds per same 
in spans of seven hundred and fifty (750) feet. The correqxuidiug loads 




Fto. 6o. Uniformly Distributed Live Loads for Highway Bridges. 

■ • 



for Class B are one hundred (100) pounds and fifty (50) pounds; and 
those of Class C eighty (80) pounds and forty (40) pounds. 

Some people have an idea that a herd of cattle will weigh more per 
square foot of spa('(^ covcrod than a crowd of people, but such is not the 
case, as th(? actual limit fur the former is al)out sixty (00) jiounds per 
^ square foot. However, the impact from cattle is likely to exceed that 
from people. The greatest impaet eonu\s from soldiers marching in uni- 
son, and this is so well known that in crossing ])ridges they are, by 
army regulations, made to lireak step. As soldiers marching in time are 
never crowded closeiy, it .is evident that their load with its knpaot can 
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never he injurious to any WL41-i)roiX)riioii(Hl liigliway structure, unless it 
bo a suspension bridge in which the rhythm might induce excessive oscil- 
latiun. This matter of impact will be treated fully in the next chapter. 

Until recent years the coi^centrated live loads for liighway bridges 
coDsisted oxily of those ^rom road rollersi traction engimw, or heavily 
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Fig. 6p. lioad iioller and Motor Truck Loadings for Highway Bridges 



loaded wagons, but today the most important of all is that from motop* 
trucks or lonies. Almost all of the old highway bridges are iDcapable 
of oanying these sew live loads with safety. In Eni/msmng Npm of 
S^ytember 3, 1914, theie is a paper by Messrs. ManviUe and Qastmorer 
m which is given much valuable infonnation isn the subject. In it atten- 
tion is calU d to the fact that, even if truck4oadings are apparently not 
ji8 ^jn at as those caused by road-rollers, their efTe<!ts are more destructive 
btcuube, ou account of theii" higli passing speed, Lhey involve much mure 
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impact than the road-roUers do with their slow motion. These gentle- 
men aasume an impact of twenty-five per cent for road-rollers and from 
forty to fifty per cent for trucks. The author is of the opinion that the 
road-roller cannot produce any appreciable impact because of its extremely 

slow speed, but it might occasion a slight jar by rolling over an obstacle 
too large to be crushed or driven into the floor. As explained fully in the 
loiiuwiiig chapltT and in the specifications of Cha{)ter LXXA'HJ, there is 
no impact allowance at all for road roller loadings. The impact a.ssumed 
fi>r trucks by Messrs. Manville and Gaistmeyer checks ver>' closely with 
the formula for highwaj' bridge imi)act adopted in tliis treatise. 

Fig. 6p shows the three classes of road-roUer and truck loadings adopted 
as the author's standard. 

In Chapter LXXVIII are given specifications as to how live loads 
on sidewalks of highway bridges are to be treated. The rules there laid 
down are based upon the theory of probabilities; for while one sidewalk 
of a short span (or a panel or two thereof ui a long span) might be fully 
loaded simultaneously with the main roadway while the opposite side- 
walk is empty, such a combination of circumstances is not at all likely 
to occur for any great length of structure. 

The subject of combining for any one bridge live loads caused by the 
various kinds of loading is treated in Chapter XIII. 
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To the eminent American bridge engineer, C. C. Schneider, Rsq., 
Past President of the American Society of Civil Engineers, is chie the 
mitliuil of jjroporti oiling bridge lut'inbers for the impart j)roduc'ed upon 
them by rapidly moving loads. It was in 1887 that ho wrote his bridge 
Kjx^'ifieation for the Pencoyd Iron Company, in which he increased the 
live loiui by vising an impact fonnula, and then allowed the same unit 
Btresses for both livei and dead loads. This is the only truly scientific 
and {'orrcct method of designing bridges. It is more accurate than any 
other, tile degree of accuraey attainable, of course, being dependent upon 
the amomit of study given to the action of spans and their members under 
live loads passing at various velocities. 

Mr. Schneider's formula was, 

300 
L + 300' 

where / is the eo<*ffieient for impact and L is the length in feet of tlie 
portion of the span covered by the moving load when the member under 
consideration receives its greatest live-load stress. If we make L = 0 
in the equation, / will equal unity. This is in accordance with the well- 
known principle that a load suddenly applied from rest produces twice 
the eHect of the same load applied statically. Tliis impact formula of 
Mr. Schneider's is widely used even today when, from numerous experi- 
ments, it is known to give results too small for short spans and too great 
for long ones. 

The history of the evolution of the detcnnination of impact is as 
follows: 

In the r^sum^ of the discussions d his paper on "Some Disputed 
Points in Railway Bridge Designing," written in 1801 and published In 
the TranaacUona of the American Society of Civil Engineers for 18Q2» 
the author wrote thus under the heading " hitensities of Woridng Stresses" : 

"In respect to this eubjeet it sppean that we an all at sea; and we are liable to 

remain there until such time as the much needed eaqperimenta on actual intensit of 
working stresses, that I have bwn advocating for years, be made, after which wc shall be 

nh\v to settle upon a system of intensities timf ^v ill he locif^.tl Meanwhile wc shall have 
to joi; aloiip in the best way tiiat w«» ean, lennm , at li eiiKintt r use his own judnrtient 
eoncerning the intensitica to employ, or pcriiap.s (which is tlie best Ihmg to be done 
under the circumntances) obtain a consensus of opinioQ as to what system to adopt for a 
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tonporaiy cxprnlieni. The method mloptod by Mr. Schneider, of roducinp all live-loail 
f!trf>ssp« to their equivalent stntic strc»w<!8 beforo upplying a con.«t;inf intensity, is iiii- 
(louhtiHlly tlu' scientific wa\' to proportion hridncs; but until we have muuc real knowl- 
edge of the etTects of dynamically applied loads, it does not seem advii>able to develop a 
qrstem that in all probability wUl have to be eoond&nhfy modified in the future. 

"It would not be mch a& immeMe radflfteiung to melEe mi eduuietive n&ntB of 
tfltrte d the effects of five loeds applied to bridfe raemben with vaiying veloettiee. 
Periu^ a yeer'B time and an expenditure of| laji $60^000 would suffice. If not, more 
time and money should not be begrudged upon such an important matter. The l^nittni 
States Government is willing to nppropriate Mnnuiilly millions of dollars for the Uniteti 
Si;it<"S Engineers to use in <'\p<Tinients ujwn hydraulic prohicins. \\ hy cannot the 
bniige engineers and the ruiiroiidfl obtain from Congress a snuiii appropriation to decide 
cue of the meet vital queetioae in bri(^ buildingT If the United Statee GovmimeDt 
' wfuee to nakeauch an iqipropriatiop, cannot one of Amcrica'e mflliinMuwebepaeuaded 
to donate the money as a contribution to applied science? 

" In my opinion the proper steps to take after obtaining the money would be as 
follo\^'5: 

"First. — To apixiint a (X)mmittc>e of seven moinlKTs of the Ameriran Sw;iety of 
Civil Enjrin»Hrs, who are aeknovvle<lpe<i brid}ie e\iwrt.s, to act as an advlsorj' board, 
and let tlu tti lay out the series of tests (to be moililic^ later if they should think ad- 
visable), appoint a committee of three well-paid expert bridge engineers to make the 
teste under their instrueUona^ attend to all payments of money, make ammgements 
with railroad companies for the use of tla ir lines and bridges in making the tests, etc. 

''Tlie first pnMstieal step to take would be to investigate all the maehimw thus far 
invente<I for meastiring extensions and compressions in bridge members, so as to decide 
upon what kind of apparatus to a<loi)t, or to design new ones if necessary. Th(?se 
mac'hines should be teste*! thoroughly to determine their accuracy as far as static 
loads arc concerned and to prove their reliability in case of dynamically appUcd loads. 
After the machines are Aown to be satishetory, experiments shouU be begun systein- 
atically upon aU parts of baUges of modem des^n, with trains varying in velocity from 
aero to the greatest attainable speed. Sufficient tests of all kinds should be made to 
gire good average results. Both tension and compression memlierB should be experi- 
mented upon, and if the machines prove to be vcr>' accurate, even such intricate probh^ms 
as the distribution of stress in plate girders might be solved. This field of exiKTUnent 
IS most inviiuig, especially because of the great utility of the results; hence there would 
be no difficulty in obtaining an expert oonunittoe to make the tests. Mr. Wolfel's 
tcmarlBB oo th* subject of measuring the actual intensities of woiidng stiesoes are most 
interesting^ and are worthy of a caiefdl perusal.'* 

Agun, in 1886, when preparing the introductory cbfqpter of De Pon- 
Hbutf the author wrote thus: 

"The uncertainty as to the magnitude of the effect of impact on bridges hns for 
many years been a stimibling-block in the path of systemization of bridge designing, and 
w9 eootiniie to be so unto some one makes an eidiauative series of eaperiments upon the 
aelusl intensities of working stnaaes on all main memben of nkodem bridges of the 
various tyix». The making of these experimoits has long been a dream of the author's, 
and it now looks as if it would amount to more than a mere dream; for the reason that 
the etru^ml mnn.aper of one of the i)rin( ip:il Western nilnvids hiv^ afrree<l to join the 
author in the making of a number of such experiments on certain brid^o y>\ the uithor's 
designing, the railroad company to fumifih the train and all faciUtii«, and general 
manftgpT and the author to provide the apparatus and experimonters. It is only lack 
<f time that has prevented theae experiments from being made this year, and it is ex- 
peeled that they win be finished in ia06. It is hoped that the result of the experimente 
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will be either to determine a proper formula or curve of i)ercentages of impact for railroad 
bridges, or else to iimugurutc a series of further experimcats that will determine it. 

"Mnawhile the author has adoptod temporarily the fonniila givea in Chapter 
XIV., vis., 

' L+600 

in which / is the percentage for impact to be added to the live load, and L is the length 
infeetof apanor portion of qian thai 0oov«redlqr the aaid load. 

"This focmiila was ertaUiBhed to suit the averai^ pfaetice of hatf a daam of the 
leadioK bridge engiiieen of the United States, as given in their standard specificationi^ 
and not beesuas the author coosiden that it will give truly correct percentages for 
mpact. 

"In spite of all that ha** been said to the contrHry in the past or that n\:\y be said 
in the future, the impact method of proix>rtioning bridges is the only rational and 
scientifically practical method of designing, even if the amounts of impact assumed 
be not absolutely eorreet, for the ssid method eanies the effect of impact into e\'cry 
detail and group of rivets, instead of merely affeetiog the seetioas of the main membcts^ 
as do tlie other methods in common use. 

"Hie asstimption made in some specifications that the live load is always twice 
as important and dcsf nutivc' a.'* (lif dead load, irr*«pcctive of whet!»<T thf nicnihor 
ronsiderc'i h<- a panfl .sus|H'udcr or a IkiMuui chord-bar in a five-hundnti-foot .spaji, is 
absurd, and mvolvus far greater erruns liuui those thai would be caused by any in« 
oorrectnesB in the awwimed impact formula. 

"Hie author admowledges thi^ he anticipates finding the vahies ghren by the 
formula somewhat hi^; but it must be remembered tliat the said formula is mtended to 
cover in a general way, also, the effects of small variations from correctness in shop 
work, or to provide for what the noted bridge engineer, the late C. Shaler Smith, used to 
term the factor of ignorance." 

Tho serieH of exix'rinionts montioned in this last quotation, unfor- 
tunately, failed to niatcrialize, owinu; to tlie death of the railroad man- 
ager who was to join in the investigation. 

A few years later the author, when examming a large number of 
bridges on the International and Great Northern Ilmlway of Texas, took 
advantiige of the opportunity to measure the (ieflection of numerofus qsans 
under live loads at different velocities. He had prepared for the puipoBe 
a homo-made deflectomcter of rather crude design and operated by hand, 
but quite satisfactory in respect to recording. Unfortunately^ he was 
not possessed of an extensometer. As long ago as 1885, when in Japan, 
he had designed and manufactured one In the shops of tiie Imperial Uni- 
versity at Tokyo; but it did not record satisfactorily, owing, undoubtedly, 
to defects in design sa well as to crudeness in workmanship. 

The International and Great Northern Railway spans tested varied 
in length from about fifty feet to two hundred feet, and the impaet per- 
centages on the spans as a whole were, in general, from fifty to twenty 
per cent. The author had at his disposal a train (•(►nsisting of a large 
loromolivo, a licavily loatlcd freight far. and a caboose. From this .sorii'^i 
of tests he learned that, except in the cji.s<* of comparatively short girders, 
for any particular spun and any particular loading there id a velocity of 
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traiii, leeB than the greatest aitaiDsbley which givea mazhnum nnpaet ef- 
fect. He learned also a very curious fact, vis., that for identical mspet' 
structures the amount of impact is dependent iqM>n the cfaaraeter of the 
supporting piefs. This he discovered accidentally thus: There were at 

various places on the line a large number of 159*ft., pin-connected spans . 
built exactly alike, and ho had tested several of tliem by defltH'tion, liiid- 
ing in vai h ca.^e almost oxac tly twenty per cent for the maximum impact. 
When he was just alx)Ut to complete his field work l\y inspecting a long 
bridge ciintaininR several spans of ditVt rent lengths snipportcnl on cylinder 
piers, he found that he had some spare tinu; while waiting for a passing 
train, and ;us there were two of the said 1 59-ft. spans in the structure, he 
<><'( U|)i( <i himself l)y measuring the deflection of one of them. Much to 
Inn surprise he foimd an inip.'ict of fdrty per cent, and thinking that there 
must be some mistake in his record, he tried again and discovered the 
same result. Not content with the showing thus obtained, he moved the 
apparatus to the other identical span and found forty per cent once more. 
Suddeniiy it dawned iqwn him that ail the sunilar spans tested previously 
had been supported upon stone-masonry substructure; and from that 
fact he concluded that the greater mxpaet he was finding miLst l)e caused 
by the flimsiness and the vibratory character of the small cylinder piers. 
This confinned him in an opinion which he had long held and eiqxessed, 
vis., thai ordmary cylinder jners are unfit for the substructure of railroad 
bridges. 

No action of any importance was tatoi m America to study system- 
atieaUy the question of impact on railroad bridges until 1907, when the 
American Railway Engineering Association aiHK»nted a committee to 
make a tbcnxHigh investigation of it, although some desultory experiments 

like those of the author had been made from time to time by a few Amer- 
ican and Eur«)}>ean rujrint'ers. The cominittt^ referred to issue<l its re- 
jKjrt in 1911, iinhcatiug that it had exjierhnented ujxtn 21 plate-girder 
spans up to 100 ft. in length and u})(>n 24 truss S])an5 from 100 to ' 
2.50 ft. in length, using generally enough loaded cars to cover the span 
t4.^ted, anfl employing s])eeds from I en to sixty miles or more jxt hour. 
From that report arc taken the fnllowiug statements and conclusions, but 
as the autiior hus condensed them, they will not usually be printed with 
quotation marks: 

For speeih under ten (10) and even fifteen (15) miles per hour the 
recorded impact was practically sero. This information should have a 
Utgb money value for railroad companies; because it has hitherto been 
the custom, when placing a slow order upon a bridge of doubtful canying 
capacity, to limit the speed to four or five miles per hour. By changing 
this limit to twelve or fifteen (or say ten, so as to provide for possible 
bfeaefaea of the rule) much time could be saved for all trams— and m 
aiboad mpmUaa, as in most other kmds of busmess, *' tune is mon^." 

Hie chief faotonm causing unpact are unbafamced locomotive driven. 
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roii^h and uneven tnu k, flat or irregular wheels, eccentric wheels, rapidity 
of application of load, and deflection of beams and stringers. The term 
impact very properly was coiLsidered by the committx^* to include any 
effect of the moving load which results in stresses exceeding; the static 
stresses. With the track and the rolling stock in good sbapt', the chief 
cause of impact is the unbalanced condition of the drivers of the ordinar>' 
locomotive. This condition does not exist in the baiaoced four-oylinder 
locomotives or in electric locomotives. 

The committee corroborated the fact discovered long ago by the late 
ftof. S. W. Eobinaoii that the maxunum impact on a bridge is dependent 
upon how its normal rate of vibration coincides with the times of the 
series of impulses from the unbalanced driver loads. Such cumulative 
effect of impulses camiiot occiu* for bridges of very short span-length, be- 
cause the normal rate of vibration of such structures is higher than the 
rate of rotation of the drivers at the highest practicable speeds. It does 
occur m qpans as short as seventy-five feet Hie tspeed at which the 
unpulses r^erred to show a cumulative effect are tenned the critioal speed; 
and it is this speed which produces the greatest impact on the apaa. The 
time of vibration of any span is given by the f oimidai 



F 



in which T = time of vibration of loaded stnirture in seconds; 
W = dead load per foot, assumed a-^ uniform; 
P = live load ]>er foot, assumed as uniform; 
d = static deflection in feet due to load P, as determined by 
direct measurement. 

The (Titi(al sjx tds dh-crved agrwd very well with those calculated 
by the formula, vni \ iiiu: from 65 miles per hour for l)0-ft. spans to 25 
miles per hour for a 3UU-ft. span and to 20 miles ]yer hour for a 440-ft. 
span. They corroborated the results of the author's experiments on the 
International and Great Northern Kailway l)rid^os, in which he found 
for spans of 150 or IGO ft. critical speeds of 35 or 40 miles per hour. 

The committee notcnl, as the author anticipated many years ago, that 
the impact on the main members of a span b greater than that upon the 
structure as a whole, or, in other words, the extensometcr measurements 
gave somewhat larger results than the deflectometer measurements. Fig. 
7a records the greatest percentages of impact found for the various spans 
tested by the committee. It pvcs also two suggested impact curves and 
the formula from which they were computed, viz., 

, 1(X) , ^ 60 

/ ■» f -r^ and / = 7** 

^ 2O,UU0 

The author has taltcn the liberty of recording upon the same diagram 
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a curve of in pnct for single truck steam railway bridges, computed by a 
fomrala wluch be baa evolved, via., 

L + 150* 

This formula is diseusBcd furtber on in this chapter. 

Tbe eommittoe noted that a wide spacing of stringers caused the ties 
to afford a eushioning effect which reduced materially the impact as com- 
pared vrath that ^ven by a solid sted floor or by a floor in which the rails 
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are carried either directly over the stringers or are attached without any 
intennediaiy to closely spaced steel cross-girders. They found also that 
the effect of a baUasted floor in reducing shock was even more marked 
than that of wide stringer spacing. 

The committee summarised the results of its work as follows: 

"(1.) With track in good oondttioa the ohief oauae of impact was found to be the 
irobalfinccrl drivers of the locomotive. Sudi inequalities of track aa existed on the 
structiirr^i to8U-<l wcro of littio influence on impnct on girder flanges and main tnua 
membei¥: of spuns excctxiinK '>0 '<> 75 foot in length. 

" (2.) When the rate of rotation of tin- I'x omotive drivfr- correi^pMrKls to tht* r.itc of 
vibration of the loaded structure, cuinukiiivc vibration is caui^ed, wlucli is the principal 
flMlor in producing impact in long spaas. Ute speed of the train whic h produces this 
eaomlatiTe vibratioii b called the 'critical q>eed.' A speed in eaoess of the critical 
lyeecl, aa wdl as a m>eed below the erit ie.U sp^, will cause vibrations of loss amplitude 
tkaa those eaoflBd at or near tbe criticai ^eed. 
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"(8.) T1ielixi0Brtiiei|MaJfliigChtheikmer istlweri^^ tteelara^ tlie 

maximuin impact on long ^lans will occur at slower speeds than on short spans. 

"(4-) ^'^r •'^'•♦•^^ 9Y>nn^, 9wh thut iho critical specnl is not reachwi by the moving 
train, the impact percctiiagc tenuis to hi- roiistant so far as the cITect of the counter- 
balance is comcmwl, but the cfiect of rough track and wheels becomes of greater im- 
portance for Huch spans. 

" (5.) The impMi oa detarauned by actensometer mettnfcmeQts on AuBfOi and 
dmd memben ol traasM is somewlial gml«r tbaa the petoenta^es detemiined ten 
me&siux'meiita of ddlection, but both values follow the siime general law. 

" (6.) The mft ^ m ""^ impact on web members (excepting hip verticals) occurs imder 
the same conditions which cause tn ixiiuiirii itnpact on chord memb<^rs, .-uid the per- 
centages of impact for the two cLis^t > of lui'inluTs an* practically the saint*. 

" [7.) The impact on stringers is about the same as on phitt^-girder spans of the aanie 
length, and the impact <hi floop-beams and hip verticals is about the same as on plate 
girden cf a a|Mn kngth equal to two panelB. 

"(S.) Tliemainniimimpaotpflroeatagoasdeteniimedbytheas teste 
faj the laniitila, 



• 20,000 

in «diioh / • impact perontags and I « qwn-length in feet. 

"(0.) The effeet of differanoes of deaign was moat noUeeable with leqieot to dif- 

faenccs in the bridge floon. An ela.'^t ic floor, such aa furniahed by long taea supported 

on widely spaced strinpcrs, or a ballasted floor, gave smoother curves than were ob- 
tainr<l with more rigid floors. Tlie n^sults clearly indicated a cushioning effect with 
res^wct to impact due to o|)en joints, rough wliecLs, and similar causes. This cushioning 
effect was noticxxl on stringers, lkH)r beams, hip verticals, and short-span girders. 

"(10.) The effect of deaign upon impact percentage for main truss membero was 
not aoflkiently maiked to enable oonchiaiooa to be drawn. The impaet iMmotaga 
here conaidered rafen to variatioDa in the axial streesea in the mamban^ and doea noi 
lelate to vibrations of mombcrs thcmselveB. 

" (11.) The impact due to the rapid application of a lojul, assiuning smooth track and 
balanced loa^ls, is fomid to be, from both theoretical and experimental grounds, of no 
practicid im|)ortance. 

" (12.) The impact caused by balanced compound and electric locomotives waa very 
small, and the vibrations caused under the loads were not cumulative. 

"(13.) HhB effect of rougb and flat wheels waa diatinetly noticeable on floor^Mam^. 
but not on tniss membere. Laige impact was, however, oauaed in several oases by 
heavily loaded freight^can moving at high apeeda." 

In Ki njirucring Xew.s of Aupist 1, 1912, there hi a paper entitled "A 
New Impact Formula," l)y (lustnv T.indenthiil. Esq., C. E., which conlain.s 
mwch valuahle information; ])ul ihc fonniihi ])roiK)sed is far too compli- 
ciited, being ba.se<l on many thiKjretical a^ssimiptions. Moreover, some of 
the statements and deductions which it contains are not in accord with 
the latest experiments on impact — those made by the committee of the 
American Railway £ngineeri]ig Association as herein previously described. 
For instance, there are no experiments on record to show that for a rail 
supported on ties "the effect of live load and impact is equivalent to three 
tunes the efifect <3i the quiescent load." This paper ignores the first prin- 
ciple that "Simidieity is one of the hi^^iest attributes of good deBSgaing." 
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There is a paper in the 1912 Tramadions of the ^Vmerican Society of 
Ciyii EngiiieaB entiUed "Specifications for the Design of Bridges and 
Subways," by Henry B. Seaman, Eaq., C. E., which contains some ma- 
terial conoeming impact that is worthy of perusal, especially the discusp 
flioa by Victor H. Cochrane, Esq., C. E. Fig. 76 contains seven impact 
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Fko. 7b, Impset Teste and Various Impact Curves. 

cunTJj rollcTted and diapjammod by Mr. Cociirane; and tho author has 
again taken the liberty of plotting here the eurve derived from his proposed 
ioimula for single-track railway bridges, viz., 

L + 150 
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It is submitted that this curve is preferable to any of the others; for 
while it keeps just above the plotted poonts for short spans, it does not 
i^proach so near the aero line for long spans as do the three other curves 
wUch follow the test points more or less closely. The author is firmly 
of the opinion that the effect of impact never is aero, no matter how kn^ 
the span, when the speed of the train is -unrestricted. 

All the experiments on impact thus far, as well as can be kamed, have 
been made upon single-track bridges; and it is evident that for bridges 
witli a greater number of tracks the impact would be less than on those 
for single track, the larger th. nuinbcr the .smalk-r the ini])a( t. While he 
has had no proper data frum which tu adjust this variatioii, the aulhor 
has evolved the following formula for steam railway bridges having any 
number of tracks: 

where / is the cocfliiii-nt of impact, // the number of trac ks, .iik! /> the 
loaded length in feet. Fip. 7c gives the curves by this fornmla tor spans 
from zero to one thousand teet for structures having one, two, three, and 
four tracks. These curves look reasonable and logical; and if they err 
at all, tlie error is on tlie side of safety. For instance, taking a s]^nn- 
length of one hundred feet, while a single-track structure has an impact 
of 66 per cent, a double-track structure has one of 47 i)er cent, a threes 
track structure one of 36 per cent, and a four-track structure one of 30 
per cent. When one considers that in multiple track structures the trains 
run in opposite directions and that the cunmlative viljrations of one train 
undoubtedly have a t(?ndency to check those of another train, he must 
condttde that these figures are more than safe. 

For electric railway bridges the author after several trials has finally 
adopted the impact fonnula, 

nL + 175* 

It is based entirdy on engineering judgment, with the impact fonnula 
for steam railway bridges as a guide. It, too, undoubtedly errs upon the 
side of safety. Fig. 7d shows for spans varsring in length from karo to 
one thousand feet and for structures having one, two, three, and four 
tracks the curves derived from this last formula. 

For highway bridges the formula finally adopted is 

100 

where Ji is the f^jtal ^^^dth of roadway and sidewalks divided l)v 20— ioi- 
instance, if th(> total dear width of deck is (50 feet ti will he ('(jual to three 
(3). Fig. 7e, as in the previous ca^cs, gives the corresponding curv&i for 
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Fig. 7c. Coefficients of Impact for Railway Bridges. 
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four different values of n. If it is fractional, the impact can either be 
interpolated or be taken from the curve of nearest value. 

There is still another impact loading to be considered, viz., that from 
the dead loads of moving spans. In swings and bascules when the mov- 
able span is set In motion or brought to rest suddenly there is a jar or 
shock which augments the dead-load stresses; and to allow for this effect 
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¥VL Td. CJoefficients of Impact for Electric Railway Bridges. 

the said stresses are increased twenty-five (25) per cent in the specifica- 
tions of Chapter LXXVIII. This increase of dead load does not com- 
bine with the live load; nevertheless there are or may be certain main 

members and details the sections of which it will augment. This dead- 
load impact when applitU to veilieal Utl bridges will never change the 
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sections of the members of the movable span, but it will increase those 
of the tower columns, the supporting ropes, the equalizers, the hangers, 
and all the comiecting details for these parts. 
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Fig. It. Coefficiente of Impact for Higliway Bridges. 
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CHAPTER Vm 
SAL FOBCa AND OTHXB XFfBCTS OF TBhCK <JUSVATDBB 



Whibwibvibb it is necesBaiy to dmffi a railway bridge an a ourvei due 
aeoount must be taken of the effects upon the strocture produced by the 
curvature of the track. Where a bridge is located on a tangent, its axis 
is made to coincide with the tentre line of track or tracks, and the 8tnu>- 
ture is HudgnttH symmetrically about the vertteal plane through the said 
centre line. This gives the same loads on the eymmetrically correspond- 
ing parts of the span and causes their sections to be alike. With the 
structure on a curve it is not always possible so to arrange the layout 
that corresponding members sliall have t!ie same loads and sections, 
although it is usually practicable to make the differences very slight, 
and in many cases negUgible. Even when th() differences are coiLsidor- 
able, it may prove economical from the standpoint of the shop work to 
use for the more hghtly loaded member the same section as for the one 
more heavily loatl<'d. 

There are four elements tliat enter into tlie computations for a bridge on 
a curve due to the curvature of the track, viz. : the curvature of the track 
itseifi the eccentricity of the track, the centrifugal force, and the super- 
elevation of the outer laiL It is not always obligatory to consider all 
of these effects, as the necessity for so douig will depend on the Itu ation 
of the structure and the class of traffic passing over it. The effects of 
the curvature and eccentricity of the track will always have to be taken 
into account; but those due to centrifugal force and superelevatkm of 
outer rail will have to be considered only where the speed of the train 
demands it. The centrifugal force is directly proportional to the sqUare 
of the velocity of the train, as is also the superelevaticm required. The 
latter is employed in order to overcome the bad effect of the centrifugal 
f<N!ce which eadsts on a curve without superelevation. For low speeds 
the centrifugal force and the required superelevation are small; and 
where it is practicable to figure on very low speeds they may be neglected 
altogether. 

The velocity of the train to be assumed in deterniinmg the centrif- 
ugal force and superelevation will depend on various factors. In the 
first place the location (^f the bridge should be taken into consideration. 
There are various circumstances in connection with the position of a 
structure that might call for a slow speed. When a bridge is locatt*d in 
a city, it is not uncommon to find >\>vi-i\ restrictions. Aj^ain, when a 

bridge is near a crossing, station, or water tank, the speed at wiiich the 
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tniiii rroi^sos the structure will usually be slow. Also when a road crosses 
a iia\ i^aljle stream on a low bridge, all trains are required by law to come 
to a full stop before reaching the draw span. If there is reversal of 
curvature on a bridge, it is very unlikely that a train will cro&s it at a 
high speed, t's]M'rially where the curves are sharp and are comiected 
either by a very short tangent or by no tangent at all. Under such cir- 
cumstaaces it Is generally necessary to superelevate the outer rail only a 
fllight amount, if any; and tliere will then be no need of taking into 
account the effect of superelevation and centrifugal force. 

Under oth^ circumstances, however, the speed of the train will de- 
pend on the classes ctf traffic, whether passenger or freight or both, that 
cross the structure, and upon whether it is on a main or a branch line. 
The speed will also depend somewhat on the degree of curvature, as it 
is generally the rule that a train will slacken its velocity as it approaches 
a curve; and the sharper the curve the greater the retardation. 

If every train were to take a givoti curve with the same maximum 
speed, the centrifugal force should be figured for that velocity, and the 
8U|xTel('vation should be such iis to make the resultant of the vertical 
and thv centrifugal loads normal to the plane of the track. This would 
give ('(lual loads on the two rails — the liest poHsil)le condition for both the 
traffic and the structure itself. Such an arrangement is possible where 
one chiss of traffic alone uses the line, with the same speeds approximately 
in both directions, or where separate tracks are provided for each of the 
two classes of traffic. The latter condition is to l>e found only on certain 
of the main lines of the large eastern roads where four and six tracks are 
employ ed. As a general rule, either a single or a double track is used, 
and both cUuses of traffic pass over the same tracks. 

With the two classes traffic occupying the same rails, it is impos- 
sible to adopt a speed that will fit both. The freight trams when loaded 
ahmys run at a comparatively low velocity, producing a small centrif- 
ugal force and requiring a low superelevation, if any. When empty, 
however, they travel at a much higher speed, requiring a greater super- 
elevation. The pa.ssenger trains often run at tlie highest attainable 
j?peeds, rtM[uiring much superelevation and j)rodu» iiig great centrifugal 
force. The maximum centrifugal force should l>e figured for the greatest 
vekx'ity. [)roi)<'rly reduce<l for tlu^ degree of curve. The speed for wliicli 
the suiM'n'k'vaiion is figure<l. however, should be atljustcd to the best 
pos.»*ible adv.'intage so as to suit both the freight and the passenger trathc. 
As a rule, the pas.senger traffic should l)e given the preference in this, for 
it is the traffic that receives the greatest inconveni(?nce from unbahmced 
centrifugal force. As stated before, if passenger traffic practically mo- 
Dopolizes the line, a superelevation should be provided for approximately 
the maximum velocity. But where heavy freight is also handled over 
the rood, such a superelevation would be excessive for this class of traffic, 
forang the wheds against the inner rail with a tendency to cause derail- 
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ment or perhaps a stalling of the train. To reduce this effect, the ve- 
locity for which the outer rail is supereievoted should be taken less than 
the velocity for which the mMrimnm oeikiifugal lame is figured. A 
pmper velocity for the superelevatioii is herein aasumed to be one that 
will give a centrifugal force equal to one-half of that for the magimmn 
velocity. This will give an ezoess of load on the inner rail when the 
train is standing still equal to that on the outer rail when it is moving 
at maximum speed. The velocity for figuring the superelevation will, 
therefore, be taken at seven-tenths (0.7) of ih» maximum velocity. The 
assumed maximum velocity, properly reduced for curvature, can be taken 
from the formula, 

V = 60 - 2.5 D; [Eq. 1] 

and the velocity for figuring the superelevation, from the formula, 

r«42 - 1.75D. [Bq.21 

In these equations, V equals the velocity of the train in miles per hour 
and D equals the degree of curve. 

These velocities are gi\ en for a level track or one on a slight ascend- 
ing or on a de.'-icendiiig grade in the direction of tlie traffic. Where tlie 
latter operates ugain?;t a llea^'y grade on a track carrying trains in one 
direction only, the maximum velocity there should be reduced. The 
engineer should use his own judgment wlien such a ciise arises. In fact, 
in no instance should one iidopt the velocities previously specifietl with- 
out first weighing carefully all the facts of the case in hand, and deter- 
mming wliether thoee velocities are proper. At times one has to be 
governed by requirements specified by othem; and in case they do not 
agree with his own views, he should endeavor to have them modified. 

The superelevation of the outer rail is to be determined from the 
formuli^ 

4 l '« 

« = [Eq. 31 

where 8 = the required superelevation in inches, 

V = the velocity of tlie train in miles per hour, reduced for the 

degree of curve as previ(»usly noted, and 
R = the radius of the curve in feet. 
Equation (3) is derived on the assumption that the rails are .spaced 
five (5) feet on centres, and tluit the centre of gnivity of the train is five 
(5) feet al'<)\c the I.um' of rail. 1 ig. 8/7 piv<'< v;tln(>< of for any degrw 
of curvature up to twenty {20) degrees, for veiorKics ranging from ten 
(10) to sixty ((»o^ mile- ])er hour. It also indicates^ the viUueti of « when 
V varies in acconlance with Equation 2. 

Superelevation for tracks on curves of electric railwaj-s should be 
figured in the same mamier as for steam railways, to which class of lines 
the previous discussion has largely referred. In general, for the regular 
surface traffic in cities no superelevation need be allowed. £epeciaUy is 
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this true when the l^ridge carries also highway traffic and when it is nec- 
essary' to pave the floor. If any superelevation at all is provided under 
sucli conditions, it should be limited to one inch or, preferably, to one- 
half inch. Special cas(»s, however, may arise where a greater super- 
elevation is desirable, but this should be left to the judgment of the en- 
c z 4 6 8 fO » 20 




4 6 S 10 12 

Decree of Curve 

Flo. 8a. Superelevation for Tracks on Curves. 

gineer. On elevated and interurban electric railway structures, super- 
elevation should always be provided. 

The centrifugal force is to be determined from the following formula: 

/^=7^^=c}r, [Eq.4] 

where F = the centrifugal force in pounds acting liorizontally at the 
centre of gravity of the load, 
TT = the moving load in pounds, 

\ = the velocity of train in miles per hour, reduced for the degree 

of curve as previously noted, and 
R = the radius of curve in feet. 

Fig. 86 gives values of the coefficient c, or , for any degree of cur- 

vature up to twenty (20) degrees and for velocities ranging from ten (10) to 
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sixty (GO) milos per hour. It also indicates the valued of c whea V varies 
in accorflance with I'/^iiation 1. 

No centrifugal force should be assumofl to act on a bridge located 
on a curve for ordinary city surface lines, unless, in the opinion of the 
en^neeri it is deemed advisable to do 80. However, structures for inter- 
urban or rapid transit lines located on curves should always be figured 
for the ^ect of oeotrifugal force, the valuee givea in Fig. 86 being used 
to determine the amount of such force. 

Where wheeL loads are adopted in compatang the stresses in the various 
mflmbers of a structure, the percentages i^ven by the curves In F|g. 86 
are to be applied to these whed loads in determining the centrifugal 
forces. Where equivalent uniform live loads are employed, these per- 
centages are to be applied to them in the same way. In figuring stresses 
in the lateral bracing of bridges due to centrifugal ficMrce, the same equiv- 
alent uniform live loads are to be taken as are used for the trusses of 
such bridges; and in the case of stringer bracing (if it ever be 
computefl at all), the equivalent uniform live load for centrifugal foroe 
should l)e that atlopt^d for desipn^inK the stringers. 

The centrifugal force should he assumed to act at a point five (5) feet 
above tlio base of rail, tliis being the average height of the centre of gravity 
of the live load. 

Prnrtically every important meml)er in a stnicture is afTocted by tiie 
stresses produced by tlie centrifugal force, tiie suix relevation of the outeT 
rail, and tlie curvature of the tr.ack. The lateral hracing for the unloaded 
chords ami the longitudinal bracing in tower l>euts are about the only 
members not so affected. Of course, the various members are by no 
means acted upon to the same extent; and in some instances the in- 
fluence of some or all of the above factors can be neglected altogether. 
In general, however, they should be considered, or, at leasti it should 
be ascertaine<l that they are neglible. 

As the effect of all the factors above noted, excqit that of transferring 
the centrifugal load to the ends of the structure, is merely to vary the 
distribution of the vertical loads on certain twin members, it would be 
possible so to arrange those members that the vertical loads on them 
would be uniform throufl^iout their length. This is not practicable, how- 
ever, as it would require the curving of every member parallel to the 
track. It is possible, though, so to adjust any pair of members with 
spect to the track that the vertical loads on than will produce the same 
quantitative effect in either moment or shear at a given point in either 
member. The effect of the transferring of the centrifugal load to the 
ends of the structure cannot be balanced in liu' same wa^', although it 
is possible to make an adjustment that will be advantageous under certain 
circumstances, as will be shown later. 
; When the outer rail is not supert^levated and the centrifugal force is 

not assumed to act, only the effect of track curvature need be taken into 
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oonaideratioiL The adjustment of the trade for the effeetof curvature^ 
80 as to produce the same moment or shear at a given point in twin mem- 
beis. will depend on the location of the said point, as wdl as upon whether 
the moment or the shear is to be deteimined. 

Let us consider two members, AB and CD in f!g. Se, with their centre 
lines a distance d i^Murt, canying a curved track with a mid-ordinate m. 



A 



d 



4 



)21 



Yva, 8e. Layonl of Gifden on Curvca 



The long chord b assumed parallel to the two members. For e(iual 
momeiite at the centres of AB and CD^ the offset o should equal ; 

for equal moments at the quarter pmnts, it should equal — ; and for 

mfii 

equal end reaetions, it should equal -g. It is possible to anange the 

stringers, girders, and trusses to meet any one of the above named con- 
ditions, but it is not always advisable. In some cases it makes little 
difference which one of the above offsets is used or whether the offset is 

made equal to ^ or even to m itself. Again, it may be deemed best 

to adopt some other fractional part of /// as the ofTset. In any case, no 
matter how the cimtre line between any twin meml)ors is locates! with 
respect to the track, the eccentricity of the members from a balanced 
condition can readil\' lie figured and the increase or decrease in moments 
and shears determined. From these it is possible to fip:un» the extent 
to which such incTeases or decreases shoulti be taken into account. For 
instaace, if the centre line between the two members AB and CD is off- 

m 

set from the centre line of track at mid-span an amount equal to ^» 

which arrangement ^ves equal moments at the centre, the moment on 
tlie inside girder is Lncrea.-^ed and the moment on the outside girrler is 
decreased from the average moment M at the quarter poini. by the amount, 

/5w m\ 2 mM , 8.3i?i 

\2A ~ "6/ d lai' ^ percentage Under the same 

condition the end reaction on the inside girder is increased and that on 
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the outside girder is decreased from the average value R by the amount 

mft, , , 33.3TO 
or by the percentage 

For strinRers parallel to the chord of the curve, it will generally be 
satisfactory to make the offset from the ooitre of traclL to the ceatre 

m 

Une between stringers at ceatre of span a distance equal to %ure 

them for equal loads. Tlie inciea.se in moments and slicars on the mort? 
heavily loaded stringer will be negligible. This same cuiulition will also 
apply to girder spans up to about thirty (30) feet in lengtli for sharp 
cur\'es. and to greater lengths for flat curves. However, for greater 
lengths than thirty (30) feet it is difficult to set any definite limit.s, as 
the flange sections increase so rapidly. Each case should, therefore, be 
investigated on its own merits. Wherever it is not advisable to locate 

the ceatre line betweea girders at a distance of from ceatre liae of 

track at mid-spaa, this offset should preferably be made rr. This will 

o 

give efinal inonients at the centre, although unequal end reactions. But 
witli tlir cud reactions dillering considerably, the shop work will not be 
aiit rtrd appreciably, as it will require merely the use of somciwhat thicker 
end angles fur the heavier reaction. Where the mid-ordioate for a curve 
on a stringer span is not greater than one (1) inch, the centre line be- 
tween the stringers may be placed on the chord of the centre line of track, 
as the increases in the sections of the more hea\41y loaded stringer aie 
negligible. For the strmger concentrations on the floor-beams and for 
the floor-beam reactions on the girders or trusseSi the average of the two 
offsets for which the stringers in the panels adjacent to the floor-beam 
m qneetion were figured should be used as the -point at which the track 
kied will be assumed to act. 

If we call the pcunt at which the track load is assumed to be ^iplied 
X, the eooeoAridly of the said load employed in developing the equa- 
tions to folkw will be taken as the eccentricity of the point x with respect 
to the centre line between stringers, girders, or trusses, and will be con- 
adered as positive when measured toward the stringer, girder, truss, or 
end of floor-beam in question, and negative when measured in the oppo- 
site direction. In all cases the eccentricity E will carry its own sign. 
These equations will Ix^ determine<l from the standpoint of a single-track 
structure, but they are equally applicable to multiple-track structures. 

The stringers in a structure on a curve may be placed parallel to and 
iiimetricaliy about the centre line of the bridtre; they may be parallel 
to the said centre line, but offset therefrom so a> to give ecjual moments 
at their mid-points; or they may be placed paraiiei to the chords of the 



Digitized by Go< 



140 



BBIDGS ENGINEEBINQ 



Chafteb VIU 



curve between the floor-beams, aiid offset so as to give equal moments 
at mid-lenp^h. 

In the first layout the eccentricity of the track will have to he con- 
sidered. The moments can l>e comi)uted for the average ((•(■t ntncity, 
i.e., the eccentricity of the middle point of tiie mid-ordinate to the 
curve between tlie floor-beams; and for flat curves the samo orcentricity 
can Ix; used for tiic end shears. However, for sharp curves, the 
inclination of the long chord of the track to the axis of the bridge must 
be taken into occoimt in determining the end shears of the stringers, 
especially in the end panels. As the loads on the stringers vary, their 
sections will not be alike except when the differences are so small tliat 
they may be nei^ected. The end connections should all be designed for 
the maximum stringer end shear occurring in the span and for the maxi- 
mum oonoentration on the floor-beams. This will make all floor-beams 
alike as to the stringer oonneotionSf although their flange sections and 
their end oonnectbns will vary. This layout of stringers will give the 
best amngement for the shops, as practically the only extra work en* 
tailed will be the caring for the various flange sections and the details 
affected by them. 

If we let IF equal the total load on the two stringers, B the eccen- 
tricity, and h the distance from centre to centre of stringers, the load Q 
on either stringer will be 



In this equation E carries its own sign. Where the chord of the curve is 
apprecial)ly inclinod to the axis of the stringers, this equation cannot 
be used for (Ir tennining the end shears. 

Tn the second layout the stringers will be figured for equal moments 
at tlie centre, and the end connections for equal shears where tlic curve 
is flat. However, where the curve is sharp (and sometimes in the end 
panels for flat curves) due consideration must be given to the inclination 
of the chord of the curve between the floor-beams to the axb of the stringer 
when determining the end shears. The end connections should always 
be designed for the maximum end shear. In this case the sections of all 
the stringers will be alike, but the end connections will be different on 
account of the offaettmg. This requires the outstanding legs of tiie end 
connections to vary in order to engage the same holes through the floor- 
beams. For the same reason the stringer connections will not be qrm- 
metrical about the centre of the floor-beams, causmg extra Aap woric 
on the latter. 

In the third layout the stringers will be figured for equal moments 
and equal end shears. In this case the stringNs will have the same see- 
tions and end connections, but the lengths of the stringers will vary; 
and the end connections as well as the flanges will have to be bevelled. 
The bevels may be so large that bent plates will have to be employed 
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instead of connection angles; especially will this be true in the end panels. 
Moreover, the stringer cuimeetiuns will not be symmetrical about the 
centre line of floor-l>eams. This last case involves the worst condition 
for shop work, although it effects the best ditstributiun of the loads to 
the stringers. 

Beffrre adopting one of the three methods outhned for laying out the 
stiingers, the ca^ in hand should be carefully studiti<^i. In general, it 
mi^t be said that for veiy iiat curves the first method will prove the 
most satisfactory; for medium curves, the second method; and for sharp 
cur\'es, the last method. However, even this consideratioQ may be 
affected by the length of the span as well as by that of the panels. 

In dedgning the floor-beams, two cases may arise— one m which the 
stringers are parallel to the trusses and spaced symmetrically about their 
centre line, and the other in which the stringers are parallel either to the 
trusses or to the chords of the curve between the floor-beams and offset 
from the centre line between the trusses so as to follow the curve as nearly 
as possible. In either case it is best first to find the end reactions of the 
door-U anis un the two tru.sses. This can Ix^ done most readily by deter- 
mining the track concentrations on the floor-beams in the e.'use of either 
concentrated or uniform loads for two panels, consid* ring the track 
straight, and then computing the truss loads by using the eeeentricities 
of the .siiid concentrations. If W\ is the total track concent ration on the 
floor-ixjain, E[ the eccentricity, 61 tlu? distance from centre to centre of 
trusses, and Ri the floor-beam reaction for either truss, then 

m which El carries its own sign. After all the floor-beam reactions Rt 
are found, the moment at any stringer point of a floor-beam can be read- 
ily determined. Where the stringers are spaced symmetrically about the 
centre line between trusses, to determine the moment for any floor-beam, 
it is only necessary to use the larger end reaction of the said floor-beam, 
as the moment arms are equal However, where the stringers follow the 
track, the moments at all the stringer points will have to be determined, 
because the lever arms all vary. It may be possible to tell by inspection 
where the maximum moment in any tloor-l)eam will occur. As it will 
al>o be necc^ar>' to know the stringer concentrations on the floor-beams. 
thcM' can be determined from the e(iiiation given above by substituting 
H for Ru and b for 61, where f{ is the stringer concentration, and 6 is the 
dibtance from centre to centre of stringers, riiercfore 

in which Ei carries its own sign. When ^1 is zero, i.e,, when the stringers 
follow the track, 

H = y. lEq. 8J 
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The panel epnoentrations cm the trusBes are determined in the same 
way as are the floor-beam reactions. 

For sharp curves, where the stringers are parallel to the axis of the 
bridge, it may be necessary to figure the floor-beam conoentrationa for 
each stringer separately before detennining the flooi^4)eam reactions or 
truss loads, on account of the difference in the inclination of the chorda 
of the curve in the two adjacent panels. Where this difference is appre- 
ciable, the averaging uf tho eccentricities in the adjacent panels will not 
be sufficiently accunito, and all Huijr-lK'um conceutralions comput.ed in 
this niaiuier will bo excessive. The greatest difference will show up in 
the end fioor-beams and will readily indicate to what extent the figuring 
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Bla. 8d. Forces Acting on a Structure on a Curve. 

by average eccentricities will affect the floor-beam concentrations and 
reactions and the truss panel loads. 

In the preceding treatment of tho subject, consideration has been 
given only to the elYects of track curvature. This is as far as it is nec- 
essary' to carry the uivestigations in casc^ the superelevation is c>niitt(^d 
and the centrifugal force is ignored. However, where su jXirelevat ion is 
provided and the centrifugal force is taken into account, due consider- 
ation must be given to the effects thereof. 

In all previous notations the impact factor hiis been ignored, and iill 
loads must either be increased for this or else be assumed to include it. 
In figuring the effects of the centrifugal force and superelevation, how- 
ever, no impact Is to be added. For this reason an impact factor will 
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be applied hereafter to all loads affected by impact. Ail equations will 
bold true for tbe effects of track curvature alone, if all faotora due to 
centrifugal force and superelevation are cancelled. 

The effect of the centrifugal force is a tendoicy to overturn the tnun, 
thereby increasing the load on the outside rail and decreasing that on 
the inside one by an amount equal to the overturning moment divided 
by the distance ham centre to centre of rails. By superelevating the 
outer rail the centre of gravity of the train is shifted toward the oodtre 
of the curve, thus producing a negative moment to oountenet all or part 
of the overturaing moment from the centrifugal force. The resultant 
effect is to viiry the di.stril)Uti(jn of the vertical loads on the stringers, 
floor-beams, and girders or trusses. 

In Fig. bui let the plane of the rails make an angle a with the horizontal. 

Sin a then equals where « is the superelevation of the outer rail and 

g the distance from centre to centre of rails. The centrifugal force eW 
m a]q>lied at K, the centre of gravity of the mass, located at a distance 
r above the base of raiL The distance r should actually be taken al<»ig 
OK; but the angle a is so small that the vertical and the inclined dis- 
tances are not appredablt^ different Assume to be located at a dis- 
tance n above the tops of the stringers and at a distance I above the idane 
of the laterahk The load W is eccentric with respect to 0, the central 
point between rails, by an amount « » r tan eu As the angle a is sm^, 
we can write sin a in place of tan a, it being more convenient to do so as 
sin a is kno\^^l. Tlien, the increase in load on the outer rail or the de- 
crease in load on the inner rail is 

8» , ^(cr - e) - — (c - ana). [Eq. 9] 

In the same wi^ the increase in load on the outer stringer or the decrease 
in load on the inner stringer is, 

W 

5-y(c»-rsina); (Eq. 10] 

and tor the trusses the corresponding formula is 

W 

8i^-7-(cl- rsina). [Eq. 11] 

Oi 

If we combine the effects of track curvature, superelevation, and cen- 
trifugal force, the following equations will result, using the same nota- 
tion a-s given Ix'foro and letting / equal the iiiijjact coefficient. 

For stringers parallel to and synmietrical about the centre line of 
bridge, the loads on the stringer are: 

UuUicie stringer. 



W\il + 1) (k + f) - + f |, [Eq. 12] 
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Ingide stringer, 

Q = wj(l+/)(K. + f)+^7-^-^j. [Eq.l31 

In these equations E carries its own sign. 

For Htringers following the curve wHh no appreeiable eccentricity, 

these loads are: 
Outiiicle stringer, 

Inside stringer, 

+ + IEq.l5i 

To proiluce equal loails on the two stringers, the eccentricity A', 
should be 

E - (r sin a - oi), [Eq. 18] 

the sign being taken with reference to the outside stringer. This gives 

11' 

a load of — (1 + /) (A each stringer. The load on the mside stringer 

for the train standing still and no impact considered will naver be as large 
as* this. 

After determining the coefficients in the parentheses for the caae m 
hand, as well as the cen^ moment and the end shear for the total load 
on the two stringers, the actual moment and shear in any stringer can 
be found by multiplying the above calculated moment and shear by the 
coefficient for this stringer. As stated before, in computing the end 
shears for stringers, the ^ect of the inclination of the chord of the curve 
to the axis of the stringer sihould be looked into carefully. 

The above equations given for stringers can also be applied for tnmilar 
conditions to deck pkite i^rder and deck truss spans without floor ssrs- 
tems. However, it will be necessary to investigate other sections than 
nuTt'ly the centre and end ones in order to prevent any appreeial)le over- 
stress. Tlie said ovorstress can ))e (h^terminod as previously described; 
and if necessary, tlie sections can be increased. 

For .strinpers i»arallel tu and .symmetrical al)()iit the axis of the bridge, 
the stringer concentrations on the floor-beams are: 

Outside stringer, 

« = »r.|(i + /;(H + ^0-t-" + ?j. IE,. 17) 

inside stringer, 

ii - j (1 + J) {h + !^ + '-^^ -'^\. IBq. 181 
In these equations Ei carries its own sign. 
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When the stringers follow the curve with no appreciable eccentricity, 
these concentrations are: 

Outjiide stringer, 

Inside stringer, 

R=wAyHl+I) + —^'-j\. lEq.20] 

After determming the coefficients for all floor-beams as well as the 
total track concentration on one floor-beam, the actual concentration at 

any slrinKor point can be found V)V multiplying the figured track con- 

ceiitratiun by the coefficiLiit for (liis point. 

For floor-l^eams, the end reactions ou the trussxes are: 
Outside truss, 

ft.TF.j(l + /)(^^ + |)-!lf--+|j. [E,.21] 
Inside trusSi 

«..,p.ja + /)(K, + |)+^-^^«-||. IE,.22J 

Thf»so roefficicnts can be determined for all the floor-beams jind also 
tho total load on one floor-lK»am. The actual reaction for any Hoor- 
iH'aiii at cither truss can then l)e founil by multiplying the total floor- 
Ijeam load by the cwfficient for the end in (picstion; and the moments 
at all s?tringer points can consequently be cumputod. 

The panel loads for the trusses can be determined from the equations 
for the floor-beam reactions. 

In addition to varying the vertical loads on stringers, girders, and 
trusses, the centrifugal load produces stresses in the loaded flanges of 
stringers and girders and in the loaded chords of trusses due to the trans- 
ferring of this load horisontally to the ends of the span. Tension is pro- 
duced in the outside, and compression in the inside flange or chord. The 
said load in a stringer or a deck-girder span is taken to the ends by the 
lateral bracing and then to the supports through the cross frames; while 
in a span with a floor system, it is first transferred by the stringer brac- 
ing to the floor-beams and then to the ends of the span through the lateral 
bracing. 

In a deck span the stresses in the outsidi' loaded chord are decreased 
and those in the inside loaded chord are increa.se<l l)y tlie transterring of 
the centriiugal load to the ends of the s])an. It is impossible to shift 
the stringers, girders, or trusses, \sith resi>ect to the track, so as to equal- 
ize the stresses in all the flanges or chords, l)ecause the unloaded flang(^s 
or chords are not affected by the horizontal action of the centrifu^^nl In id. 
If the stresses in all the flanges or chords are oqn dized for all other loads 
tbiD the one just mentioned, any attempt to balance the loaded flanges 
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or chords will unbalance the unloaded flanges or chords. In stringer and 
girder spans, in which ail flanges are made up of the same style of seo- 
iaxm, the span can be shifted to advantage toward the inside of the curve 
until the stre s s in the top flange of the inside girdjsr equals that in the 
bottom flange of the outside girder and vice vena. This will give the 
, mniimum variation in flange sections, as well as the least number of such 
differing sections. To obtain this result, the track will have to be shifted 

c d 

anamount 2 /) ' ^^^^^^^'^^^^^ oentrifiigai ta the direct 

load, d is the depth of the stringer or girder from centre to centre of flanges, 
and / is tlic impact coeflScient. Where the difTerenee in the flange stresses 
is slight, as in stringer spans, all sectiuiLs can be made alike. 

In truss spans and in deck, plate-girder spans having top flanges 
which are built up of four an^^les and bottom flanges which are composed 
of two angles and plates, it is best not to attempt to ecjualize the stresses 
of tlie diagonally situat-ed flanges or chords, as the make-ups of tho said 
top and lK)ttom flan{2;es or chords are different, and hence no })enefit would 
result from such a change. It will be l)est to ecjualizeitlie. stresses in the 
unloaded flanges or chords and let the loaded flanges or chords take care 
of themselves. This will at least give the same sections for the unloaded 
flanges or chords. 

In trestles on curves the towers and bents must be figured for the 
shear and overturning due to the centrifugal load in the same manner 
as for wind loads. 

If the stringers or girders are inclined the same amount as the rails, 
due consideration must be given to this condition, as it tends to equalise 
the loads without shifting the track to the same eictent as is done for 
vertical staingers or girderB. 

In all the preceding investigations it has been assumed that tiie cen- 
trifugal load is nonnal to the axb of the bridge throui^ut its length. 
Theoretically this is not correct, as the centrifugal load acts radially at 
any poutt. However, the difference between the radial load and its nor- 
mal component is not appreciable; and assuming the former to be nonnal 
to the axis of the bridge involves a slif^lit error on the side of safety. 

The centrifugal load is to l>e treated in the same mamier as the live 
load and not as an unusual load, for it ah\a\ s exists when the live load 
is acting; consequently there will V)e no increase in permissible unit 
stresses when determining the sections of members affected by the cen- 
trifugal load, unless there be wind load or other uiuisual loading in the 
combination. In other words, the centrifugal load per se does not war- 
rant the increasing of tiie intensities of working stresses. 

Wliile the pren-eding discussion nssmnes that tlie location of the track 
with respect to the steel work may be varied iis desired, it is not always 
practicable or economical to do so; and especially is this true in thiougb 
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spans of either the girder or the truss t>T>e. The girders or trusses may 
be spaced such a distance apart that the position of the track can be 
arranged so as to fulfill the foregoing requirements as to equalizing the 
loa^ls on them as far as it is possible to do so, and in addition to provide 
the required clearance at the inside tniss. However, this is likely to 
give an excessive distance from centre to centre of trusses. It might be 
more economical to reduce this distance, merely providing the required 
clearance for both the inside and the outside trusses and taking care of 
the unecjualized loads on them. This will in general make the shop 
work of the two trusses or girders (especially that of the trusses) vary 
to a greater extent than othenvise, because for an equalized condition 
it will usually l>e p>ossible to design the trusses very nearly alike. In 
either case, however, the total weight of the trusses will be about the 
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Fio. 8e. Clearance Diajitram for 
Square, Through Bridges on 
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nme, as the shifting of the tracks merely changes the division of loads on 
them. With the trusses or girders placed farther apart than is required 
for clearance, the weight of the floor system and lateral bracing increases; 
consequently the question as to which of the two arrangements will prove 
the more economical must l^e determined by comparing the cost of the 
esrtxa metal in the floor system of the wider span with the cost of 
the extra shop work in the narrow spun. In general, though, the most 
economical arrangement will be to make the distance from centre to 
centre of trusses as small as practicable. 

To pro\ide the same clearance for single-track through-bridges on 
curves as required on tangent, the cleiir width between trusses is to be 
fts shown in Figs. 8e and 8/. 

In these figures, 

W = the lat-eral clearance from the centre line of track required for 

tangent alignment, 
M the mid-ordinate of the curve for a chord equal to the span 

length, 

X = an addition fur the overhang of the centre of the car on the 
inside, 
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2 * an addition for the overhang of the end of the car on the outBide, 
and 

y B an addition for the tilting of the car due to the auperelevation 
of the outer rail. 

X is the mid-ordinate of a chord of the curve the length of which is 
equal to the distance from centre to centre of tnioks, wherefLs X plus Z 
is the mid-ordinate of a chord of the curve the length of which is equal 
to the length of the car. Where the distance from centre to centre of 
trucks Is seven-tenths (0.7) of the length of the car, X equals Z; wfaece 
this distanee b greater than seven-tenths (0.7) of the length of the ear, 
X is greater than Z; and where less than seven-tenths (0.7) of the length 
of the car, X is less than Z, Where X and Z are not equal, the total over> 
hang should be assumed as twice the larger, or else due account should 
be taken of the fact that they are not equal, if the difPerenoe la appro- 
ciable. Unless otherwise specified, the clearance should be figured for a 
car eighty-five (85) feet long and sixty (GO) feet between truck centres. 
In this case A' will equal and will be one (1) inch for each d^;ree of 
curvature. 

y is to be taken equal to y , where s is the superelevation of the outer 

rail in inches and H equals the greatest height of the car in feet above 
base of rail. In no case should it be assumed greater than fifteen (15) 
feet, making the mairimiim value of Y equal to Ss. The effect of the 
tilting of the car is taken mto account on the inside of the curve only. 
On the outdde thereof the clearance is really increased by the tilting, 
but this increase is so small (usually less than one inch^ that it should 
be neglected. 

When the outer rail is not superelevated, Y becomes lero. When 
Y is sero and X equals Z, the centre line of the span Insects the mid- 
ordinate of the curve for a chord equal to the span length. This fa true 
in both square and skew spans. In a skew span, however, it should be 

nott'd that the loads on the two girders or trus-ses are not bahmccd as 
they are in a s(iuaro span. Tlio offset.s from the iiisicie girder to 
the curve .it its oiids arc equal, thus producing balanced loads alx)ut the 
centre; liowcver, for the outside i^irder the.sc olYsets are different, the 
one nt the .-K'ute an^le being larjrer than that at the ol)tuse angle — the 
dillerence rlepeiiding on the amount of skew — tluis giving uns\TOmetrical 
loads on the gir<l(M-. The moments and shears on the inside girder can, 
therefore, be figunnl the same as for n s(juare span. However, the out«- 
side girder shoulil be comi)Uted for loads from the part- of the curve be- 
tween its ends, if the difference in the offsets is oi sufficient importance 
to warrant such a ooosuieration. 
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WIND LOADfi, VIBRATION LOADS, AND TRACTION LOADS 

The wind pressure per square foot of exposed surface for which iiridpjes 
should be designed has always Ix'cn an unsettled matter. Many exiKTi- 
racnts looking t4>ward its solution have been niadr. but the foree in question 
Is smch a variai^le one, and is so greatly influenced }>y many fiu'tors whieli 
are diffieult to control, that the result.s an* not all aeconhxnt. It is generally 
agreed, however, that the pressure on any partieular surface varies with 
tiie square of the velocity of the wind, and that tlie intensity diniinishcs / 
as the area acted upon increases. In general, the intensity on a [)Iane 
surface, normal to the direction of the wind, can be expressed by the 
fonnukiy 

P - [Eq. 1] 

where P Ls the pressure in pounds jxt square foot, and V is the velocity 
in miles per hour. The value of A' cannot be given with any certjiinty, 
hut i- i:t iierally considered to lie iK^tween 0.003 and ().(>()'), mast of the laler 
uTit<rs assuming it as 0.004 or less. In the 1010 edition of "Modem 
Fninied Structures" the values 0.0O32 and O.OO-l are both ^iven, the smaller 
figure Ix^ing considered the more likely of the two; but s(»nic other author- 
ities prefer the liigher figure. For a velocity of one hundred (100) miles 
per hoin', which rarely occurs in the United States except in tornadoes, 
the resulting pressures from the two values given above are thirty-two 
(32) and forty (40) pounds per square foot. It is evident, therefore, that 
the highest probable unit pressure that will be developed^on a bridge in 
cnfinaiy locaUties will lie between thirty (30) and forty (40) pounds per 
square foot As the wind is rarely uniform over any extended area, the 
average pressure on a span of any size will be considerably below these 
figures. Furthermore, a wind pressure ia excess of thirty (30) iiounds 
would overturn high, empty box cars, so that a greater pressiu^ than 
this would never he assumed to act in conjunction with the li\-c load. 

Specifications liave frequently called for unit i)ressures as high as fifty 
(•50) ]K>unds per square foot on the unloaded structure, and from thirty 
(30) to forty (40) pounds on tin* loaded structure. 'Jliese intensities have 
p^nerally })een used in designing the main members of the lateral system; 
•<ut pressures of half the amount^ would almost always have caused failure 
in the connections employed for tiie lateral meml)ers, and, in pin-connected 
sngie track qians, would have ])uckled th(^ bottom chords when the 
structure was empty. C. Shaler Smith, the noted bridge enguieer, after 
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an extended examination of existing bridges, camo to the oonclui^ion fhat 
it was very doubtful if bridges other than those of short span ever had to 
withstand pressures much in excess of thirty (30) pounds per square foot 
It 18 believed, therefore, that the following intensities provide amply for 
all probable effects of wind, although in certain localities it might be 
thought advisable to increase the pressures for the unloaded structures. 

FM. For the unloaded structure, pressures per square foot of about 
thirty-five (35) pounds for spans two hundred (200) feet long, and thence 
decreasing to thirty (30) pounds for spans six hundred (600) feet long, 
and to twenty-^ve (25) pounds for spans one thousand (1,000) feet or 
more in length. 

Second. For the loaded structure, a pressure of thirty (30) pounds per 
square foot fur spans two liundred (2UU) feet or less in length, ranj^iug 
down to twenty-fivr (2'\j inninds for spans six luiudred (600) feet long, and 
to twenty (20) pounds for spans one thousand (1,000) feet or more in length. 
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Fio. 00. Wind rrMBurci en Inclined Surfaoes per Duohflmin'a Fonntila. 

For bridges canying highway trafhc ouiy, the live load and the wmd load 
will not be considered to act simultaneously, for the reason that no person 
would ever venture upon the structure when there exists a wind pressure 
per square foot of anything like thirty (30) pounds. 

The intensities above discussed have referred ^tirely to preasureR 
on surfaces normal to the direction of the wind. It is frequently neces- 
sary to know the amount of pressure on surfaces which make an oblique 
angle with its direction. The formula most generally employed for tiiia 
purpose is Duchemin's, which b 

1 + sm^ a 1 J 

where « = Anp:lr hptwrcn llic surfficr the dircrlion of the wind, 

P — Pressure per square foot on a surface normal to the direction of 
the wind, 

and P,|« 2*iormal component of iliis pressure. 

The curve in Fig. 9a gives ratios of to P for various values of a. 

In Fig. 96 are given the author's specified wind pressures and vibration 
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loads per lineal foot of span for the loaded and the wninft^iAri chords of 
both smgle-track and double-track raUway truss bridges. In Fig. Qe are 
shown the areas per lineal foot of span opposed to the wind by single- 
track and double-track railway bridges. From this last diagram the wind ; 
pressures per lineal foot <tf span given in Fig. 96 were computed bgr using , 
the intensities previou>l\ noted. 

It is really only in long-span railway bridges that the specified wind 
pressure cuts auy fipjure; because, in spans of ordinary length, the vibra- 
tion luad (to bi' niciitioiuxl later) will govern the design of the lateral 
system; and modern live loads are so heavy that the combined liv(\ inii)aet, 
ilea<l, and wind load stresst^s with the allowal^le increase in intensities of 
\V(jrking stresM > usually recjuire less sectional area than the C()inl)iiH-(l livi', 
impact, and dead load stresses with the ordinary int-cnsitii s. except where : 
the wind ])roduces transverse bentlin<i; in a member, as in the end-posts of 
through bridges. While the wind load may reverse tlie stress(»s in certain 
members, this is of no importance in riveted structures, which are adopted 
almost cxcliLsively for short spans; and even in pin-connected bridges the 
stiffening of the end sc^c^ions of the bottom chordsi which is s])ecified to-day 
for all first-claiis structures of this type, will generally take care of any 
reversals that may occur. However, the >vind Btr(>ss(*s should always be 
figured for any bridge, unless the designer be very familiar with structures 
of just the type he has employed for the case in hand; and the test for 
wind combination should invariably be made, as it may cause a sUgjht 
increase here and there in the sections of main members. The test for 
anchorage against overturning should always be made, particularly in the 
case of high tresUes. 

The wind loads for highway and electric railway truss bridges adopted 
in the 8pe<nfications of Chapter LXXVIII are given in Fig. 9d. The ' 
curves of wind loading for Class A highway bridges are also to be used for 
electric railway spans when no live load is on the structure. The same > 
curves are also to be employed when the live load is on the bridge, except 
that in no case should tlu? wind load on the loaded chords be taken less 
than 180 lbs. jx r liix al foot of span. The diagram in Fig. 9(1 was com- 
puted lui a clear roadway of twenty (20) feet. For wider structures the 
wind loads on the loaded eliords are to Ixj increased two (2) yx r < eiit for 
each foot of width in excess of twenty (20). For instance, a six hun( li cti and 
forty (040) foot highway l)ridge of (Mass A has a clear roadway of thirty 
(30) feet l)etween trusses and two exterior foot-walks each ten (10) feet 
wide m the clear — what are the pro]XT wind loads to adopt? The diagram 
gives 470 lbs. per foot for th(^ loaded chord and 310 lbs. per foot for the 
unloaded chord. These figures are to be increased by a percentage equal 
to 2 (30 4- 2 X 10 - 20) = GO, making them respectively 760 and 500. 

The proper wind loads to adopt for combined railway and highway 
brid|;es will have to be determined for each case as it arises by the use of 
trained judgment. A fairly good rule therefor is the foUoiving: 

I 
I 
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Find approximately the sum of the various live, impact, and dead loads 
for the combined bridge, and the corresponding sum for a similar railroad 
bridge without the hi^way attachment, and call the ratio of these sums 
r (greater than unity). The wind pressures per foot for both the loaded 
and ihe unloaded chords, given in Fig. 96, should then be increased by a 
percentage equal to 25 (/ — 1). 

The proixT wind loads to use in desiring railway, liighway, and 
electric railway girder spans, trestles, viaducts, and elevated railroads are 




m m M m ^ m m m 

l^ngih ^ *^cff7 iff fhet 
Fko. M. Wind Loads for Hi^way and Electric Railway Bridgea. 



Specified in Chapter LXXVIII. The proper loads for the design of movable 
bridges are also indicated therein. It will be noted that the maximum 
wind loads while the movable spans are being operated are taken only one- 
half as great as those assumed when the span is at rest. This is becaOse 

no vessel would dan? to navigate with a wind pressure greater than fifteen 
(15) puuiuLs per .s(|u;in' fuot. For swing si)aiLs, it is specified that the 
inMchincry shall he cnp.ihlf* of holdiiii: the span in any jxisitiun against an 
unbalancinl wuid load of ten (10) i>ounds pt;r .stinarc foot over tho entire 
expose<l area of one arm, al>o tliat it ojMTatr the span in the sp<'cified 
time against a similar unbalanced wind load of one pound pi*r s(juan' foot. 
It is further provided that the span shall 1k^ cfTectivcly aneliored (either 
by it.s own weight or by s]>eeial iletail) against the effect of an upward 
wind load of from ten (10) to fifteen (15) pounds per square foot on the 
total area of the horizontal projection of one arm of the span. 
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For basculeB, it is specified that the machinery shall be able to hold the 
i|»n in any position against a wind presBure of fifteen (15) pounds per 
square foot, and to operate it in the specified time against a wind pressure 
of two (2) pounds per square foot, on the eacposed area as seen in vertical 
projection. The vertical lift bridge is also required to operate in the speci* 
fied time a^jainst a horizontal wind pressure of two (2) ixiimds per square 
f(X3t, hut the effect of this is very slight, beinpc confined to the friction in tlie 
guides. TtuTc is probably a sUglit vertical wind pR ssure at times on the 
flojr of a lift bridge; but it T\nll have practically no effect on the time of 
openition, and as the maximum probable ])n'-<sure during tiio action of the 
lifteen (1.5) ]xnmd wind specified al>ove would not stress the o])<'r;iting 
ropes imduly, its existence can be entirely ignored. For all tyix\s of 
movable bridges an increase of thirty (30) ]yer cent in the n^t^nlnrly specified 
unit stresses for main structural parts, and of one hundred (100) per cent 
for machinery parts, is pennitted when the maximum wind pressure is 
acting. 

The principal effects of wind loads on bridge structures are as follows: 

FM. They produce direct stresses in the members of the lateral 
systems and sway bracing. 

Second, They produce direct stresses ui the chords of the main trusses 
when they serve as the chords of the lateral sjrstem, as is usually the case. 

Third. The transference of the wind pressure on the train dowTi to 
the plane of the lateral system whicit carries it to the end of the span pro- 
duces vertical reactions on the main trusses. 

Fcmrth. The carr\'ing of win<i shears by the transverse strengtli of 
main members, as in the end ])osts of through bridges, causes })en<ling 
moments in the said main members, and frequently in their coouectiuns 
or supports. 

Fijih. The transference of wind shears by vertical or inclined bracing 
gives rise to transferred loads, wliich frequently produce stresses in the 
main truss members. 

Sixih* Th^ tend to overturn the structure as a whole. 

SeoenHh. In movable qMms, they put additional loads on the machinery. 

The vibration load is a transverse loading, generally in excess of the 
wind load, which is applied solely to the lateral bracing of railway bridges. 
The stresses which it produces are not to be added to any other stresses, 
its sole object being to ensure sufficient sectional areas for lateral members 
in order to attain ])roper rigiility for the structure a whole. For the 
loadfnl chords of through :uid deck spans, and U)V \ iaduct towers, its value 
Ls to l>e taken at seven Inmdred (7(K)) pounds per lineal foot for single- 
track structures, and eight Inuulred and fifty (SoO) pounds \wv lineal 
fofjt for double track stnictures. For the unloaded chords tlie corres])ond- 
ing figures are. respectively, three hundred (300) and tliree hundred and 
fifty (350). Highway and electric railway bridges are not to be figured 
lor vibration loads. 
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The "traction" load on bridges is the longitudinal force caused by 
the starting or stopping of a train or electric car. The stopping or brakmg 
effort is usually much in excess of the starting foffoe. For ordinary railway 
traffic, the maadmum braking effort that may be expected will be about 
twenty (20) per cent ol the weight on the drivers of the locomotive, about 
ten (10) per cent of the weight of the fullty loaded tender, about sevesiteeD 
(17) per cent of the light weight ol ftt^gfat cars, and about twenty (20) 
per cent of the light weight of passenger ears. Empty f rsli^t cats will 
rarely weigh over twelve hundied (1,200) pounds per lineal foot, or empty 
passenger cars over two thousand (2,000) pounds per lineal foot. The 
total brakmg force exerted by a train will, therefore, be about fifteen (15) 
per cent of the weight of eng^ and loaded tender, plus a load per lineal 
foot of ears back of the tender amounlang to about two hundred (200) 
pounds for freight trains and four hundred (400) pounds for passenger 
1 1 ;i ins. As the iiiiiforni load assunu'd for ii Class-oO loading is five thousand 
.").()()(); jxjund.s per lineal foot, the proixT Ijiakiug coefficient for this uniform 
load will be ahout four (4) i)er cent for freight cars and eight (8) per rent 
for passenger cars. For Class-4() loading the corresponding j)erceiitages 
are five (5) and ten (10). Since the heav>% doiihle-header engine^s speci- 
fied for the standard loadings are rarely used (;xcept with freight traffic, 
it is evident that the prop<'r coefHci(uit to be ai)plied to the luiifonn load 
back of the engines is about five (5) per cent. For very short loaded 
lengths, therefore, the traction force should be assumed at twenty (20) 
per cent of the maximum live load; and this percentage should decrease 
to fifteen (15) per cent for spans about one hundred and twenty (120) 
feet long, and to ten (10) \yeT cent for spans alxnit two Iniiidn d and fifty 
(250) feet long. The specifications of Chi^ter LXXVIU provide that the 
percentage shall be determined by the fonnula, 

3" " ..T^r * with r««, - 20 and JU, - 10, 

140 -h L' mm f 

where T >■ percentage of total load to be used as the tractive foroe, 
and L « loaded length in feet. 

By this formula, for all lengths of sixty ((K)) feet or less 7* will equal twenty 

(20) per cent, and for all lengths of two hundred and sixty (260) feet or 
more T will e(|ual ten (10) per cent. The curve in Fig. 9c gives the values 

of T for various loaded lengiiis. 

For electric railway cars, the traction load shf)uld be assumed lus twenty 
(20) per cent of the total lo:id on the |X)rliuti <»[ the structure in question, 
irrespective of the loa<led Icimih, as there is little diilerence between the- 
weights of full and empty cars. 

The onl\' portions of a truss bridge really affected by the traction load 
• are the floor system, the lateral system a<ljacent to the loaded floor, and 
the chords near that floor; but tlie traction force should be transferred 
immediately from the stringers to the lateral system and from it to tho 
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nmin trusses without bending the floor-beams transversely. Its effect 
on the chords can generaUy be ignored because of its infrequent oocunenoe, 
imlesB some abnonnal detailing should cause secondary stresses of undue 

magnitude; consequently, when proper detailing is use<l in the lateral 

.SX^*'!!!, explained in Chapters XX. XXII, aiul LXX\ ill, the eflFects of 
tmction loading may l>e ip^nored in truss l)ri(lp;('s. Hut in railway trestles 
it IS quitt' another matter; for in them it is a most important factor, govern- 
ing as it dof's the eeonomie span length, because of its great effect on the 
longitudinal bracing of towers and on the column sections. In highway 
bridges and trestles no attention need be paid to traction loading, unless 
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Fig. fie. Tractioii Loads for Railway Bridges. 
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the structure carry also a street railway; for there is usually no way in 
which to produce from an ordinary highway live load any thrust worthy 
of oanaideration. 

The effect on traction loading of connecting adjacent trestle-towers 
fay riveting the mtermediate gbders to both of them is simply to reduce the 
average thrust per lineal foot of structure on account of the cars being lighter 
per lineal foot than the engines and tenders. Such an arrangement must 
not be assumed to halve the thrust moment by putting a plane of oontra- 
flexnre near mid-height of tower; because to accomplish this the tops of 
the towers wouM liave to Ix* truly fixed by the longitudinal girders, a 
condition thai a simple calculation will show to be impracticable. 
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CHAPTER X 

METBODfi OF BIBSSB COiiPUTATION 

It is not the intention in writing this chapter to handle the subject of 
stresses in the mAttttftr in which it is treated in the numerous text-books on 
bridges, for these can be referred to by any one desiring information con- 
cerning ihe mathematics of the subject; but simply to describe the various 
methods that are used by the engineering profession and to discuss their 
merits and demerits. 

The oldest method <ji finding staesses in truss members is the analytii^ 
and for trusses having equal pand lengths and parallel chords thero is no 
other 80 mofie and rapid; for with a table of coefficients, such as those 
given m tUs and other treatises, and by using a slide rule, it is the work 
of only a very few minutes to obtain the live-load stresses, the impact- 
load stresses, and the dead-load stresses for a span of any ordinary length, 
provided equivalent liv( loads and not wheel concent rat iorLS be employed. 
But when the i)anels are not of ecjual length or whi n the chords are not 
parallel, the grapliic method Ls far superior to the analytic. The former 
method is an old one, in fact, nearly as old a^? the latter; but it has been 
enlarged and imi)roved from time to time until now, as it Is treated in 
tlie leading t€xt-books, it is probably as perfect as it can W(»ll be made. 
It certainly is a-^ clear and pretty a means of solving problems as one can 
imagine; and every student of engineering should be taught it so thor- 
oughly that he will be able to use it just as readily as a clever schoolboy 
uses the four primary rules of arithmetic. European students of engineer^ 
ing are taught graphics much more thoroughly than are students in 
American technical schools; and, in the author's opinion, the curricula 
of the latter would be decidedly improved if their directora would follow 
the European lead in the treatment of this subject. 

In Tables lOe to IQf, inclusive, at the end of this diapter, are given 
the coefficients for finding the live-load and dead-load stresses in cfaordB 
and webs of Pftitt truss and Triangular tnias bridges having parallel chords 
and panels of uniform length; but the bridge computer should not be 
dependent on these tables, for he should be able to compute and reooitl 
almost as rapidly as he can write them the coefficients for spans of these 
types havmg any number of pands. Thoe is no need for expkuning how 
to make the computations, as the method is such a simple one; but there 
is one principle in it that the author has been using for thirty-five years, 
and which his assistants assure him is uut covered in the text-buoks on 
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bridges^ viz,, that the stress coefficient for any member of a chord for any 
poatkm of loading is equal to the smn of the sdess coefficients (for tlu» 
■me poatkm of loading) of all the diagonals which attach to the chord 
between the member in question and the end of the span, provided that 
the shear does not change sign in that distance. DsuaUy it is necessaiy 
to figure the chord stic s Bes for the dead load only and to find those for 
the live load by proportion, using the slide rule. 

The anal>'tic method of computing stret>.st\s ui tmsses with polygonal 
ciionl^s, as given in the text-l)CK)ks, is lengthy and tedious. A far more 
simple method has been worked up of late years in the author's office 
by one of the computers who is not as much atkUcted as the author to 
thp use of graphics; and in the hope that it may prove useful, it is here 
presented. Briefly stated, it is as follows: 

First find the coeflKcient as if the chords were parallel, and record them. 
The stress in any chord member is then found by mujtiplying its coefficient 
by the ratio of length of the member to the length of the post in the same 
trass triangle and multipljring the product by the panel load. The total 
ifaear in any panel is the same as for a truss with parallel chcwds; but only 
a portioii oi this shear is carried by the web member, the inclhied upper 
efaord taking care of the remainder. The amount of shear carried by 
any diord member is equal to the yertical component of its stress, and 
ean be found by dividing the said stress by the cosecant of its angle of 
inclination with the horizontal. To find the dead-load shear in any web 
memlxT, it vnW be simplest to compute the shear thereon as for a truss with 
parallel chords, and then subtract from this figure the shear carried by the 
chord member in the same truss triangle. The siimo procedure is followed 
esw-ntially in figuring the liv(*-load stresses. As It wuuld involve much 
extra work to calculate the chord stressr's for the various positions of the 
live load, the shear in any member is found in the following manner: The 
total shear on the truss at the point in question is equal to the reaction 
R at the support ahead of the train. The horizontal component H of the 
■ti esB in the chord member which carries part of this shear is 

""IT' 

where p Is the panel length, d the length of the post in the same truss 
triangle as the chord member, and ni the number of panels from the 
npport to the said post. The vertical component V of this chord stress, 
which is the shear carried by the chord member, is given by the fonnula, 

p " d > 

in which y is the difference between d and the length of the post at the 
other end of the chord member. The shear on the web member itself 
IB, therefore, 
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The quantity 7? is the shear which would act on the member if the truss 
had parallel diortls, wliirh quantity is easily calculated. The quantity 
is equal to the strcs.^^ in a post, but must be multiplied by sec. 6 to 
give the stress in a diagonal. 2Vitention must be paid to the sign before 
the term niy. It is negative for main diagonal stresses and positive for 
counter-stresses. 

The oomputation of stresses in a truss by the above method is carried 
through in the following manner; A diagram of the tniss is first laid out, 
and the lengths of all the members are calculated and noted thereon. The 
stress coefficieDtB are then determined as for a tniss with parallel chords, 
and written en the various members. The value of sec is eon^ted for 
each diagonal, and noted thereon. The ratio 

length of nicmbcr . , « «. i , i 
; — -— - IS then figured for each chord mem- 
length of poet m same truss triangle 

ber and also written thereon. There Is next calculated for eadi top diofd 
member the cosecant of its angle of indinatiQii with the horizontal, and also 

d Til 1/ 

the value of the expression — ^ — ^, both of which quantities are written 

above the member. 

The panel dea^l loads are then computed. The upper and lower chord 
concent ratioiLs niu.st be separated for the calculation of the })()st stresses, 
but their sum is to be used lor uU other members, llie dead-l«).ul chord 
stress is tlu u totiiul for any niuniher by multiplying this panel load by the 
product of the proix r stress coeihcieut and the ratio, 

length of member rp. , . , 

' — — — - — --T r-. The shears ui the various web 

length of post m same truss triangle 

mciiilM is are then computed as for a tru^.8 with i)aniliel choids; and the 
shear in each meml>er is re<hired by the vertical component of the stress 
in the prop<'r vhovf] member, found jis exjjlained previously. The results 
give directly the post stresses; but they must be multiplied by the proi)er 
secants in order to obtain the stresses in the diagonals. The stress in 
the hi}) vertical, of course, is simply the load at its foot. 

The panel live-load concentratioas arc next figured. The live-load 
chord stresses are then found by multiplying the dead-load stresses by 
the ratio of the panel liv(^ load to the panel dead load. The live-load post 
stresses are found by multiplying the panel load by the products of the 

stress coefficients and the ratios ^ — for the various members; and 

the live-loafl diagonal stress(»s by forming similar products, and then mul- 
tiplyinf!; tiieni 1)V the proper secants. 

In the early eighties there came into vogue the concentrated wheel- 
load method of tuiding stresses in bridge memlxrs; and wliile its estab- 
lishment was certainly an important addition to engineering knowledge, 
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ita cofbroed use has, for the last thirty years, been a needlesB burden on 

bridge computers. This method very properly is taught in aU the engineer- 
ing schools, but those professors who are defieient in actual experience 
in computing bridges sometimes fail to point out how burdensome it is 
;md lo t xpluin that the equivalent unifonn load method gives n'sults which 
agrti* closely enough for all practical purposes with the s^M alkn:! exiU't 
method. Tliese professors fail to recognize the fact the the wiieel loads 
specified are merely i\^)ical, that in aU pnji)al •ility no train with wheel 
gpacings and loadings exactly or even very nearly coincident tlu"oughout 
with those of the aasumed loading will ever pass over the bridge, and that, 
ooosequently, there is no need for hair-splitting exactness in finding the 
varioua stresses, especially when such refinement demands far more time 
than the equivalent method. 

About the end of 1891 the author presented to the American Society 
of Civil Engineers a paper entitled "Some Disputed Points in Railway 
Bridge Designing/' and obtained for it a most thorough discussion by 
more than forty members of the Society. In it he made a vigorous attack 
upon the ''Concentrated Wheel Load Method" of computing stresses; 
and this point received much more attention in the discussion than any 
of the other points raised. After the publication of the papx'r lie < mju- 
tinned his investigatioiLs of this subject and published the results from 
time to time in the technical press, evoking considerable comment. The 
original p;i|-MT, with the discussions, and all the subs(»quent papers liave 
l>een collected and published by Mr. Harrington in "Principal Professional 
Papers." The reader who desires to study the history of this question 
and to assure himself of the correctness of the statement that the equivalent 
load method Ls practically as correct as the wheel concentration method 
b referred to that book. 

As it behooves every bridge engineer to understand thoroughly the 
wheel concentration method of computing stresses, because by thb the 
equivalent load curves are determined, there will now be given a concise 
bat complete description of the said method and its operation. The first 
thmg to be done with any newly established live loading of wheel con- 
centrations is to prepare what is termed an "engine diagram," such as 
the one shown in Table 10a for Class 50 live load. To do this, the wheel 
loads and their spacings are laid out very accurately to some convenient 
scale, and vertical lines are dra\\7i through the c(»nters of the wheels and 
one throupli the head of the uniform load. Tlic wheels are indicated hy 
firrles, thos^' for the pilot wheels being small, those for the tender wheels 
brger, and those for the drivers still larger; and the unifonn load is shown 
hv a shallow shaded rectangle. The wheels are numberi'd inside of tlie 
circles, beginning with the pilot of the leading engine. Along the vertical 
line above each whed is written the axle load thereof in pounds, and over 
the shaded rectangle is marked the uniform load h) ]>ounds {>er lineal foot 
of tndc The wheel qweings are then recorded just below the wheels, 
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thus compMiig the diagram portion of the table. In the top line of the 
table proper there is marked on the left of the vertical Ime thnnigli each 
wheel the dirtanoe of the said wheel from the pilot wheel of the leading 
engine; and in the aeoond line there is ngisteied on the right akte of eac^ 
vertical the distance of the wheel thnHigh "n^oh it is drawn from the 
head of the unifoim load. In the third line there is noted in each space 
between consecutive verticals the sum of all the aade loads to the left; 
and in the fourth line there are similarly recorded the summations of the 
aide loads to the right of the various points. In the iBfth fine thero is 
entered to the left of the vertical Ime through each whed the momoit 
of all the axle loads to the left atx)ut the said wheel. In the sixth line 
there are similarly shown the muiiiciits about any wheel of the various 
loads except No. 1 to the left thereof, and a heavy vertical line is drawn 
midway In^tween Wlieels 1 and 2. In the seventh line there are likewise 
registered the niuim nts about each whetd of tlic various loads to the Irft 
except Nos. 1 and 2; a heavy vertiral line is thawn midway between 
Wheels 2 and 3; and the moment of the axle load at 2 al)out Wheel No. 
1 is written to the right of the vertical line through Wheel 1. To fill 
in the remaimng lines of the table, the al>ove process is continued, the 
heavy vertical line being drawn successively one space fart her to the right. 
The number recorded in any horizontal line just to the left of the vertical 
through any wheel (in the portion above the heavy stepped Une) will then 
represent the moment about the Biud wheel of the loads to the left over 
to the said heavy stepped line; while the number written in any hori- 
sontal line just to the rig^t of the vertical through any wheel (in the por- 
tion below the heavy stepped line) will give the moment about the said 
wheel of the loads to the right over to the said heavy stepped line. As a 
check upon the work, the moments about Wheel 1 and about tiie head of 
the uniform load should be computed independently. In computing the 
various moments for an engme diagram the easiest method to adopt in 
findmg the moment at any wheel b to add to the moment at the 
preceding whed the product of the sum of the preceding loads by the 
horizontal distance of the said wheel from the preceding wheel. 

In applying such a diagram, the truss to be figured is to be laid out by 
center lines to exactl}* the same scale as the diagram; and it must not be 
forgottrn that blue-print ])ai>(r shrinks nearly one per cent of both its 
lenglli and it^ width in ilrving. Failure to reeognize this shrinkage when 
using blue print engine diagrams will cause errors that are often too large 
to be iK'uliuible. 

Tlie criterion for maximum shcfir on any web mernl)er of a tniss with 
parallel chords and e^^ual panel 1» n^ilis is that the Inad on the panel must 
be made as nearlj" as }x)ssible equal to, but not greater than, the total load 
on the span divid(»d hy the number of panels in the span, it being under- 
stood that one of the wheel loads is to be placed exnr tlv' on the panel 
point at the end of the member to which the load is applied. 
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The corresponding criterion for any web member of a truss with chords 
not parallel is more complicated, for in that ciise the load on the panel 
must be mtulc as nearly as |x>ssible equal to but not greater than the 
total load on the span divided by the product of the number of panels 

in the span and the exprwsion ^1 + ^ j , ^ereoiathe distance from the 

panel point considered to the end of the span ahead of the train, and h 
is the distance from the said end of span to the point of intersection of 
ih» produced top- and bottom-chord centre hues. 

The criterion for maTrimnm bending moment at any pand point of any 
sunple truss is that the average load per lineal foot ahead of the said panel 
point must be as nearly as ponble equal to, but not greater than, the 
avenge load per Imeal foot on the whole span, it being understood that one 
of the wheel loads is to cover the panel point considered. It must be 
. obeervedi however, tiiat usually more than one position of the tram will 
comply with this requirement; consequently it will be necessar>' to search 
for two or three such pc^sitions and adopt the one that proveii to give the 
greatest bending inunicnt. 

While it is undoubtedly true thai it :i coniputcr is provided with full 
tables of moments, tlwr-hcam reactions, and end shears tor a concentrated 
wheel load diagram, he can figure square, deck, plate-girder s])ans with 
about the same facility, and can find the stresses in s<piare, equal-paneled 
trusses that have parallel chords by the expenditure of only two or three 
times the amount of mental energ>' required by the equivalent uniform 
load method; it cannot be denied that in dcsigiung half-through, plate- 
girder simns, skew bridges, trusses with polygonal top diords, trusses 
with subdivided panels, swing spans, cantilevenSi arches, and suspenaon 
bridges, the work involved by the wheeUconcentration method is enor- 
mously in excess of that required the equivalent uniform-load method. 

If one will take a Petit truss of, say, five hundred feet span, and haviQg 
a polygonal top chofd and the usual number of panels, and will compute 
the truly ijreaM live-load stress in ever>' member thereof, he will find that 
the work will occupy many hours— ifKMsi 11} a day or more-^hile the 
corresponding stresses by the equivalent uniform-load method can be 
found in less than a single hour. Considering the fact that the results 
of the two computalii)iis will agree ver>' closely indeed, that the assumed 
wheel loads and their si)acings are merely tjT^ical and arc not likely to 
be realized at all closely in railroad operation, that the value of the effect 
of impact is extreniel>' uncertain and variable, and that in proportioning 
sectional areas of members a computer has to use plates and shapes of 
only approximately the total area needed, is it not evident that, for actual 
designing, the use of the tedious, hair-splitting, heart-breaking method of 
wheel computations is absurd? Each of the three just-mentioned un- 
certainties is liable to involve variations from exactness far greater than 
the differences between the equivalent uniform-load method and the so- 
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dlfed exact whed-HSODoentratkm method; hence it seems strange that there 
sre to-day engineers and prdfessors of dvil engmeering who adhere to the 

bttcr in the actual designing of bridges. Of course, there arc reasons for 
this, and those who aru in the business of designing and building bridges 
know them, even if the knowhxlge is not sliared by the profession in 
funeral. The excuse for the professors is that they and their students 
generally confine their designing to the simplest kinds of stnictures, viz., 
'<^uarL', deck, plate-girder spans, and scjuare, Pratt-tnis.s spans with parallel 
choitls, in none of which the amount of extra lal>or involved by tlie wheel- 
eoncentration method is excessive. Again, professors naturally like to 
exemplifj^ their theory by exact methods of computation, leaving to the 
Audenta' future practice the acquisition of short cuts and labor-saving 
devices. In the case of the engmeers of bridge companies, while they 
undoubtedly recognise the great time-saving qualities and the satisfactory 
fiactncaB of the equivalent uniform-load method, they have for so many 
yean been forced by the raiboad companies to figure stresses by the wheel- 
cQooentration method that the habit of so doing has become second nature 
to them, hence their willingness to run along in the same old ruts year after 
year, wasting time, energy, and money in much useless figuring; for it 
raa>t not l>e forgotten that the day of comp<*titive bridge plans has not 
yet passed, and that consecpiently about eiglity per cent of most bridge 
compaiiiets' comi>utations go for naught. The blame for this wasted 
mergy lies priniaril\' with the railroad officials, who can initlerstand easily 
what a tn»in diagram means, but do not care to take the time or trouble 
to investigate sufficiently to convince themselves of the i)ur(>ly t^qiical 
character of the assumed loading, how much it varies from actual condi- 
tkms, the great variation in exactness in the assumed impact, the close 
agreement with pure theory' that the equivalent uniform-load method 
affords, the great cost of making computations by the wheel-concentration 
method, and, finally, the fact that it is the railroad companies who eventu- 
ally pay for the unnecessary exiiense. If these gentlemen were to give the 
aabject a short but thorough investigation, the enforced use of the wheel- 
concentration method of figuring stresses would soon become a thing 
of the post; and it is to be hoped that the publication of this book 
will aid materially in overcoming this deplorable waste of time, brains, 
and money. 

After any engine diagram has been adopted as a standard, in order to 
employ instead the equivalent uniform-load method the first thing to do 
s to prepare curves of total end shears and of equivah'nt uniform loads, 
such as tho.st' shown in Figs. (3c, ikl, and tie. llie end shears are required 
for plat(^rder spans only, hence there is no necessity for carrying the 
c-umputations Ixjyond the limiting span-length for such structures, or, say, 
fne hundred and ten (110) feet. The amounts are figured by placing 
the leading driving wheel at the end of each assumed span and fit ^ d ^Pg the 
reaction there, then plotting the results on a diagram. The spans figured 
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should vaiy in length by five (5) feet up to about forty (40) feet» and fay 
ten (10) feet beyond that length. 

Theie idxmld be two diagrams of equivalent loads prepared, one for 
plate-girder spans and the other for truss spans. For the former the 
equivalents oan be computed with sufficient accuracy by finding the 
maximum bending moment in foot-pounds at mid-span and substituting 
it for M in the formula, 

SM 

where w is the equivalent loud in pounds per lineal foot and / is the length 
of the span in ffn^t. But if one desires to be extremely accurate he should 
jfind tlie centre of gravity of the total live load on the span and move the 
diagram until the said centre of gravity and the wheel load formerly at 
mid-span are equidistant from that point, then compute the moment at 
the wheel and substitute it for M in the formula. In fip^in g the equiv- 
alent uniform loads for trusseSi if one will figure on cars preceding as well 
as following the locomotives, and will compute the TnA^yimnm moments 
at the quarter points of the spans, then substitute them for M in the 
proper formula, he will obtain the best averages for the equivalent load 
curvi^ Even then he will find that the plotted points do not lie on a 
reguUur curve, but that one can be drawn through some and very near to 
others; and it is this curve that should be used instead of an irregular line 
joining all the plotted points. As an illustration of this the diagram of 
equivalent loads for |date-girder spans and Class 50 loading is given in 
Fig. 10a. It will be seeo that there are great irregularities for spans 
between ten and fifteen feet and for those between ninety-five and one 
hundred and ten feet. Tiiese are due mainly to peculiarities in wheel 
spring that cause loads to pass on and off the span ^^^th a verv'' short 
motion of train. The author maintains that it is more scientific, more in 
accordance with common sense, and, in fact, more accurate, to take the live 
loads from the re^ilar curve than it would he to use those found by the 
exact metiiod of wlieel concentrations, because these irregularities are due 
only to the fact that a typical locomotive was assumed. Surely it is evident 
to any thoughtful man that the maximum bending moments should 
increase regularly with the span length and not by fits and starts; and that | 
the equivalent load line should lower regularly in order to r epre s en t a fair 
aoeroffe equivalent for all locomotives of the heaviest type rather than an | 
exact equivalent for any one assumed locomotive! 

The method of applying the equivalent uniform loads in bridge deeigni^ | 
is as follows, beginnmg, as is customary, with the stringers, then passmg 
to the floor-beams and finally to the trusses. 

Stbingxbs I 

From Fi^. find tlie equivalent live load per lineal foot for a span 
equal to the panel length, add to bame the percentage thereof for impact. 
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as given in Fig. 7c, and the assumed weight per foot of the stringers and the 
floor they support, and divide the sum by two (or by four, if there be four 
lines of stringers per track), calling the result w; then find the total 
bending moment at mid-span by substituting in the well-known formula, 

M = }4w P, 

where / is the panel length in feet, and M is the required moment in 
foot-pounds. 

Should the total end shear be required, it can be found for each stringer 
by adding together one-half or one-quarter (according to the number of 
lines of stringers employed) of the end shear given in Fig. 6c, the proper 
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peroentage thereof for impact, and the half weif^ of one stringer wHh j 
thefloorthrtltomie.. ^ 

Floob-Bbams 

In proportioning a floor-beam, the imp>ortant thing to ascertain is the 

totaJ concentration at the point where two stringers meet. The hve-loail 
concentration is to be found by multiplying together the panel length and 
the equivalent uniform loiul per Lineal foot given in Fig. (kl for a span eqitnl , 
to tmice the panel length, and dividing the product by two (or by four, ' 
if there be four lines of stringers per track). It is unnecessar>' to describe 
here iiuw tlie dead-load concentration at each stringer sui)i)ort. is t^) 
found. Nor is it requisite to do more tiian merely to mention tliat either 
the live-load concentration obtained for the floor-beam or a multiple 
' thereof will be the live4oad stress in the hanger which supports the beam. 

Trussbs 

These can be divided into two kinds, viz., those with equal panels and 
parallel ohords, and those in which the panel lengths are unequal, or the 
chords are ngt parallel, or both. In the first case the stresses can be 
determined most expeditiously by substitution la tabulated fonnuls. and 
in the second by the graphical method. 

Cose I—ParaUel Chords 

From Fig. 6e find the equivalent uniform live load per lineal foot for 
the giyen span length and multiply the same by the panel length, calling 
the product L. For single-track bridges this must be divided by two. All 
the live-load stresses in main truss-members of single-intersection bridges 
can be found by substituting this value of L in one of the Tables lOe 
to IQf, indudve. Just here it is proper to remark that, strictly speaking, 
the "Equivalent Uniform-Load Method" is not accurately applicable to 
trusses of multiple intersection; but the most approved modem practice | 
in bridge engineering does not countenance the building of trusses or girders 
having more than a single system of cancelation. The "Equivalent 
Uniform-Load Method" does, however, apply to trusses with divided 
panels, such jis the Petit truss; bjit as this style of tniss nowadays involves 
almost invariably a polygonal top chord, its treatment herein wiii come 
under 

Caae JI— Polygonal Chorda 

Where trusses have imequa] panels or chords not parallel, the first 

step to take is the finding of all the dead-load stresses by the graphical 
method, starting ironi one end uf the span and working toward the middle, 
when I lie Inst stress is eheck«Ml by the method of momenta and the cor- 
rectncbd ot the entire graphic^U work is thereby proved. . i 
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The next step Is to find from Fig. 60| ss m Case I, the eqnivaknt live- 
load per lineal foot for the apan, and therefrom the value of the panel-truss 
live load L. Next set a slide-rule for the ratio of dead load per lineal foot 
and the equivalent live load per lineal foot for the span, and, by rderring 
to the dead*load stresses ak«ady found, read off from the rule all of the 
live-load stresses in chords and inclined end posts. 

Next a^ssxime that there is .m upward reaction at one end of the span 
equiil to 10,000 pounds, or 100,000 pounds (according to the size of the 
bridge), caused by a load placed at the first panel point from the other 
end of tlie span, then tiiid graphically the stress in each web-niemher from 
end to end that is caused by this assumed upward reaction, cliecking liie 
work analytically by computinp^ the chord stress at the first panel point 
just mentioned. Then calculate the value of the live-load reaction for the 
msodmum stress in each web-member by means of the slide-rule and the 
liofloiring formula and Table lOb, in which n is the number of panels in the 
span, nf istheoumberof the panel point at the head of the train, counting 

fruiu tiie loaded eud of the span, and C ia the coeihcieut of — : 

n 

Livfr4oad reaction lor the head of train at n C X — . 



n 



TABLK 106 . 

Coefficients for Live Load Reactions 



1 
2 
3 
4 
5 
6 
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3 
6 
10 

irj 

21 



8 
0 
10 

11 

12 



2S 
36 
45 
55 
06 
78 



.1 



13 
14 
15 
IG 
17 
IS 



91 
105 
120 
130 

i5;i 
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19 
20 
21 

23 
24 



igo 

210 

231 
253 
270 
300 



Then, still usiii^ the siitl( -rule, tind the greatest live-load blress ia 
each wcb-member by the following equation: 

Stn»requifed - 8t>«sfn>m A»umed Reac«<m X 

AsHuiiird lieaction 

Where the panels are divided as in the Petit truss, and whore incliiK d 
«ub-posts arc v^^mployod. the tensile stress in the upper half of each main 
<fiai9onal thus found will have to be corrected by subtracting therefrom a 

L sec ot 

iti&sA equal to . ^ — where a in Uic inclination of the 



2(1 + tana tan 

(liaf^onal to the vertical, and $ is the inclination of the chord member in 
the same panel to the horizontal. With parallel chords this expression 

L 

evidently becomes — sec a. The compressive stress in any main post 

L 

will have to be corrected by subtracting therefrom a siretm equal to for 

2 
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either inclined or parallel chorde. No oorrectiooe are needed whm com- 
puting the counter Btresses in the web members. 

When the panels are divided as in the Petit trass, and inclined aub- 
ties are used, the tenaiU stress computed by the foregoing method in the 
upper half of each mam diagonal will require no correction; and the UtmU 
stress in the lower half can be found by subtracting from that in the upper 

half a stress equal to sec a. The compreeewe stre s s found in the 

upper half of cnch main diaponal requires no correction; nnd the ccmi- 
pressive stress in the lower half is equal to that in the upper half. Tl:e 
compressive stress in each main poet will require no correction; but the 
tmeile stress therein must be comcted by subtracting therefrom a stress 

equal to (1 — tan a tan 0), With parallel chords this exprei>sion 

In comparing the equivalent loads for plate-girder spans as given in 
Fig. M with those for truss spans as given in Fig. iSe for span-lengths com- 
mon to ])()th. a small discrepancy will be found. This is due to the fact 
that in plate-girder spans the moment is figured atmid-span while in truss 
QMins it is taken at the quarter points. 

There are still a few engineers and professional writers who talk of the 
use of tbe "single-concentration" or the ^'double-concentration'' method 
of computing stresses in girders and trusses, and it is possible, although not 
probable, that there are still a few computers who actually emfdoy them, 
notwithstanding the fact that the author proved in an unanswerable 
manner as long ago as the early nineties that these methods are not as 
accurate as the equivalent uniform-load method; and that they involve 
the expenditure of two or three times as much time and labor. Anyonewho 
IB curious to read up this bit of ancient history will find in Mr. Harrington's 
book of "Principal Professional Papers" all of the calculations and argu- 
ments advanced at the time the question was under discussion by the 
engineering I)rofession. 

This chapter would not be complete without some reference to influence 
lines. They provide a verv pretty method of computing and indit .iting 
stres.s(»s, but involve the adoption of wheel loads, which, a.^ ])rt;viously 
stated, the author has proved, for many types of structures at least, to 
necessitate far more labor than do the e(iuivalent unifonn loads. It will be 
sufficient, therefore, to refer the reader for information on this subject to 
the latest edition of Johnson, Bryan, and Tumeaure's " Theozy and Practice 
of Modern Framed Structures," Howe's Influence Diagrams^" and other 
standard works on bridge stresses. 

The following tables of dead-load and live-bad stresses for Ftatt and 
Triangular truss spans with parallel chords and of wind-load ctro a oeB in 
chords and latend eystema will be found veiy usefiil by the bridge Haa^^ ; 
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19 


171 


153 


130 


120 


105 


91 


78 


00 


55 


45 








20 


190 


171 


153 


130 


120 


105 


91 


78 


66 


55 








21 


210 


190 


171 


153 


130 


120 


105 


91 


78 


0() 


55 






22 


231 


210 


190 


171 


153 


136 


120 


105 


91 


7S 


60 






23 


253 


231 


210 


190 


171 


153 


136 


120 


105 


91 


78 


06 




24 


270 


253 


231 


210 


HK) 


171 


153 


130 


120 


105 


91 


78 




25 


300 


270 


253 


231 


210 


UH) 


171 


153 


130 


1'20 


105 


91 


7s 


20 


325 


300 


270 


253 


231 


210 


190 


171 


153 


130 


120 


105 


91 



NOTB. — For thcBtnaHi in cliui^unals of Imteral ByBtema of dbobla eaoerilation, i^., thoae gyntaatm in 
wfakh the dtagnnak an tnmfinmA of intamoUagatniti. dtTtdatlwooaiBfliMitaia Uwabova table bgr two. 
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TABLE lOi 

Coefficients of W tan ff for Comprersion-Stresbbs in Windward Bottom 
Chords of TuROiHiH-BuiDtiKK, and Windward Top Chords or DErK-BRiDciEs, 
Dt K TO Wind Loadh Applied Directly to Said Chords, When the Lateral 
System is of Sincjle Cancellation. The Tensile Stresses in Leeward 
Chords are Numerically Equal to the Compression Stresses Given in 
THE Table for One Panel Nearer End of Span 



KaoT 


Number of Panel from End of Span 


■ 


1 


2 


3 


4 


5 


G 


7 


8 




10 


1 1 


12 


13 


4 




2 
























5 


2 


3 


3 






















6 


2H 


4 


4H 






















7 


3 


5 


6 


6 




















8 


3H 


6 


7H 


8 




















9 


4 


i 


9 


10 


10 


















10 


^yi 


8 


1012 


12 


12H 
15 


















11 


5 


9 


12 


14 


15 
















12 


6^ 


10 


13»2 


16 


17H 


18 
















13 


6 


11 


15 


18 


20 


21 


21 














14 


6H 


12 


16H 


20 


22 >^ 


24 


24H 














15 


7 


13 


18 


22 


25 


27 


28 


28 












16 


7H 


14 




24 


27H 


30 


31 H 


32 












17 


8 


15 


21 


26 


30 


33 


35 


m 


36 










18 


8H 


16 


22H 


28 


32H 


36 


3«'2 


40 


4012 










19 


9 


17 


24 


30 


35 


39 


42 


44 


45 


45 








30 




18 


25H 


32 


37 >^ 


42 


45»2 


48 


491.2 


50 








21 


10 


19 


27 


34 


40 


45 


49 


52 


54 


55 


55 






22 




20 


28H 


36 


42 H 


48 


52 
56 


56 


581^ 


60 








23 


11 


21 


30 


38 


45 


51 


00 


63 


65 




m 




24 


UH 


22 


31 H 


40 


47 H 


54 


59>^ 


64 


67 H 


70 


/ 11-2 


72 




25 


12 


23 


33 


42 


50 


67 


63 


68 


72 


75 


77 


78 


78 


26 


12^ 


24 


34>^ 


44 


52H 


60 


66H 


72 


76H 


80 


H2H 


84 


84 > 2 
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SHCOMDtAlir BIBBBSIB^ VBUmunVSM SIBBSBBBy AMD IMDIXIVIUIINAnB 

BIBBBWI 

SxooNDABT Stresses 

Bt the tenn ''fleoondaiy stresses" Is meant those induoed or milireet 
st r o BB O B which occur as a neoesBBiy roBult of the defoimations caused by 
tiie primary aetioiiB of a structure when loaded. The principal stresses in 
the various parts are computed under the assumption that all members 
are connected at the joints by frictionless pins, on which they can turn 
freely. This assumption, of course, is never realized. Mast of th(> con- 
nections in modem steel bridges are rivete<l ones, the gain in stiffness and 
rigidity attained by so making them being highly desirable, although 
their use results in certain distortions and bending strr-s^^'-s of more or 
less magnitude; and even where pins are employed, they are iar from being 
frictionless. 

The quantitative analysis of these secondary stresses is a comparatively 
recent development m American practice, although the general methods 
therefor were dev( loped some twenty or thirty years ago, principally by 
Gennan writers. Within the past few years several treatments of the 
subject have appeared in this country. The book which was used most 
largely in the earlier calculations made in the author's office was C. R. 
Grimm's work on "Secondary Stresses m Bridge Trusses." It covers quite 
satisfactorily the various methods of analysis. The author takes great 
satiflfaetioii in the tiiotic^t that that valuable work, as stated In its preface, 
owes its existence to him. For several years he searched faithfully for a 
German- American bridge engineer who had had the requisite experience 
anil could spare the time for writing a condensed, practical treatise upon 
the subject of secondary stresses in bridge trusses. He found only a few 
such engmeers who possess(»tl the necessary Ivuowiedge; and of these Mr. 
Grimm was the only one who could afford the time for writing the lxK)k. 
The manner in which he did it reflects great credit upon him and in- 
directly a little, possibly, upon the "instigator." The treatment given 
in Part II of ''Modem Framed Structures," which appeared later than 
Grimm's book, is, perhaps, better adapts to the direct use of the designer, 
as it devotes considerable space to showing how the amoimt of labor 
retjuired can be reiluced materially by a systematic arrangement of the 
calctilatiooB. Mr. F. O. Kuna, in an article ui Btigindering Neuta, Vol. 66, 

178 
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p. 397, gives a very good presentatkm of the subject, using a method of 
iniiyais first proposed Mohr. (A feir typographical emts in this 
article are noted on p. 515 of the ssme vohime.) A particularly complete 

discussion, from the practical standpoint, is to be found in a committee 
n'port presented to the American Railway Engineering Association in 
1914, and printed in Vol. 15 of its Proceedings. It covers the general 
leiitures of the subject and explains in detail the method of calculation 
of stresses in the plane of the trusses, presenting the complete computations 
for one truss. It also compares the secondare- stresses in several different 
tjpes of trusaing, and furthermore gives the n'sults of secondary stress 
measurements on several bridges. The method of anaiyBis used in this 
report is quite similar to that given in ''Modem Framed Structures." 
This report divides the seoondaiy stresses into five classes, as follows: 

^1. Bending stresses in the plane of the main truas due to the rigidity of jcunta, 
eccentricity of joints, and weight of members. 

"2. Bending slresdeii in members of a transverse frame due to the deflection of 
floortemi and to primaiy slmawMi in posta. 

"3. OiiittiM in a horisontal plane due to kmgitiidiiial dflfonnatioa of dundsi ea- 
pedaDy the irtrmnra m floor4)eams and in their oonneetiooa. 

"4. Variation of axial stress in different elements of ;i meoiber. 
CtiCMCu due to vibratkn of individual membenk" 

The stresses under Nas. 1,2, and 3 can Ije analyzed more or less com- 
ply tely, but those under Nos. 4 and 5 can not be as accurately determined. 
The last two will not be considered further in this chapter. 

Binding Stresses in the Plane op the Main Truss Dub to the 

RlOmiTT OF THE JoiNTS 

These stresses are the ones which are generally referred to when the 
term "secondary stresses" is employed. In the earlier days of American 
bridgeworky nearly all important structures were pin-connected, and 
they were assumed to be substantially free from stresses of this nature. 

With the increasing adoption of riveted connections and stiff members, 
and with the appreciation of the fact that the use of pins (Uk's not neces- 
m\\y do a\va\' ^^^th these bending elTects entirely, the need for careful 
investigation and analysis along this line has become apparent. A great 
d* al ha„s already been accomplished; but there is still left a wide field for 
research anrl experiments. 

No attempt will be made in this book to treat fully the various methods 
of analysis that have been proposed, the reader being referred to the 
authorities above mentioned. However, the assumptions and formulie 
of the ordinary method of analysis will be briefly discussed, in order that 
the underlying principles of the subject may be clearly understood. 

If a truss, the members of which are connected at the panel points by 
Uetionless pins, be loaded in any manner, the various members will change 
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in length slightlyi the varioiu panel-points will deflect, and the aogles 
made with each other by the various members meeting at each point will 
alter. The memben will nmain atraii^t between pand-pomts, however, 
as they can rotate freely on the pins. If now a amilar truss having 
rigid joints be considered, the changes in lengths on the members and the 
deflections of the panel-points will be sabstantially as before; but the 
angles bet w e en Die various membm meetmg at a panel-point will be 
forced to remain unchanged. As a result, each joint will rotate as a whole 
into some such position that equilibrium throughout the truss will \wt 
secured, and each member will thereby Ix^ bent more or less. lA't u.s 
suppose that we have under consideration a menilMT n »^ jouiing any panel- 
point n with any mljacent panel-point m. It is proved in the texts before 
quoted that the moment in the .said member at the point n is given with 
sufficient accuracy by the formula, 

Mn^^ = ~ + -l^ r«.) [Eq. 1] 

In which Mnm * moment In member nin at pomt fi, positive when it terds 

to rotate the joint in a dodcwise dh«ctian, 

B — coefficient of elasticity of the material, 
/ = gross moment of inertia of member nm, 
I = length of mem) XT yirn, 

Tnm = angle in radians nuulo by the end tangent of the member 
ntn at tlu* point n with An straight line joining the 
panel-points n and m, io Ix* taken as positive when the 
Bnid end tangent has rotated in a counteiH^ockwise 
direction from the said line, 

and Ta,„ « similar angle at m. 

Tills equation, and the self-evident requirement 

2) M«« - 0 [Eq. 2] 

for each panel-point, are together sufficient for the calculation of the 
vahies of the angles T throughout the truss. After these values have been 
found, the fibre stresses in the various members can be computed fay the 

equation 

where /m. » extreme fibre stress from bending In member nm at the 

point II, 

and e « distance of the said fibre from the neutral axis. 

Equations 1 and 3 are a trifle unwiekly to nse^ as the quantities 
outside of the parentheses are very large, wliile those within them are ver>' 
small fractions. However, they can readily l)e transformed into a more 

convenient form. It will be found that for a truss loaded with dead lojul 
over the entire span and full live and itnpaet loadi> over all or part oi the 
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span the valuM of the f s will eeoerally be a few ten4h<HMandthfl of a 
ladian, usually ranging from 0.0000 to 0.0010» and in eioeptionBl oane to 
O.0020, or even more. If, therefore, we caU S 30,000,000 and expreoi T 

in ten-thousandths of a radian, Equation 1 becomes 

= 12,000 j{ T^ + ^ T^n ), lEq. 4] 

and Equation 3 beoomeB 

12,000 y( T^-^^T^). IEq.6] 

Ako, it 18 evident that instead of Equation 2 we oan use the formula 

2)7(r«.+i r«.)- lEq.6J 

c a Lpio e ain g the fs in ten-thousandths of a radian in this case also. The 
use of the oq nations in the above forms will save a oonsiderable amount of 
time. The form of Equation 6 is especially convenient, since it will 
enable one to judge durectly what values of T will indicate the presenoe 
of high secondary stresses in any particular member. 

While the theoretical basis for the calculation of secondaiy oties s os is 
seen to be quite simple, unfortunately the numerical work is rather lengthy. 
The bbor involved, however, can be much diminished by a aystematic 
arrangement of ^e calculaticms, as illustrated in Part 11 of ''Modem 
Friimed Structuros," and in the Committee Report of the Am. Ry. Eng. 
Assn. The analysis of an ordinary truss of short span for a single pOvsition 
of loads will take several hours; and the complete analy sis by the method 
»)f joint londs will generally require about two days. For a large tniss, 
ivspecially one with subdivided |)anels, a much longer tune will be m-eded; 
consequently the desiral)ility of having some shorter method which will 
give approximately correct results is cjuite apparent. 

In the following pages there will be presented a shorter method of 
analysis, based on the formula given above. By this method it will be 
posnble to obtain in a short time a general idea as to the magnitude of the 
seoondary stressoa in the various members of a truss, while fay carrying the 
computations further any desired degree of accuracy may be obtained. 
The method is by no means an original one with the author, as certain 
features of it have been used more or less by various investigators. At 
the end of the chapter (pages 218 to 226, indunve) will be found com- 
piete calculattoos, woriced out by this method, for the secondary stresses 
in a 8in|^e4raclc-railway, through, riveted truss of 296' span (the one shown 
in Fig. 1 Ig), designed for Claes 60 loading; and the reader would do well to 
keep these calculations before him in re-ading the following explanation. 

Before beginning; the calciilatitio of the secondary stresses, it is essential 
that the general dimensions of the structure and the make-up of the mem- 
bers be al»^ady known. There are first determined for ouch member tiie 
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length If the gross arc^ A, the gross mumout of inertia / alx>ut an axis at 

/ c 

ri^ ao^oi to tho plane of the tniSB, and the ratioe j and 12,000 it 

bdng usually possible to take the values of I, A, and / for some or all ol the 
members from the deeiga caloulatioos made previously. Next there are 
computed In eaeh member, for the assumed condition of loadmg, the pri- 
mary stress S and the eloogaticKi M, using the gross area A in figuring the 
latter quanti^. A Williot diagram is then drawn in the usual manner, 
assuming any convenient member to remam unchanged in direction. It 
will make no difference whether the member selected actually rotates or 
not, since the diagram will be used only to determine the differences between 
the angles through which the various members lui n. 

The angle 9 through which each ineniber hjis turned with respect to 
the member which is considered to remain fixed is figured from the Williot 
diagram, as explained in the discussion thereof in Chapter XII. Eaeh panel- 
point — i.e., the end tangents of all meml)ers meeting at e;ich point — is 
then assumed to rotate through somc^ an^le 0, and the angle 0 — 6 h 
computed for each memlxT meeting there, the resulting angle being called 

The angles B and /9 ly^e to be considered positive when rotation has 
been in a counter-clockwise direction. The value of 0 for any panel- 
point is beet taken as the average of the ^'s of the two eliord members 
meeting there, so that the ^'s for these two members will be equal. It is 
desirable to have these ^'s as nearly as posslbie equal to the correqxmding 
T*B, which are still unlmown, in order to reduce the work of computing 
the said jTs; and the above method attains this result in the best manner 
that any general rule can. After a dengner becomes familiar with the 
method, he can frequently make somewhat better assumptions in par- 
t^lar eases. 

These angles ^ are to he considered as the first trial values of the angles 
T, and Equation G is then applied to each panel-point in turn. It will 
be found that for most ijoints the resulting summations will not be zero. 
The next step is to adjust the trial values of tlie 7"s so as tx) obtain values 
more nearly correct. The amount that the siiid trial values at any panel- 
point are in error could be determined by dividing the value ut the sum- 
mation for the said point by the sum of the y 's of the members meeting 

there, if it were not for the fact that the angles at the other ends of each of 
these members are also likely to l)e more or less in error. However, the 
corrections found in this niannei will be approximately right; and the 
adjustment should he made <»n that basis. It will be best to correct 
first those points which evidenth' need the largest adjustments, and take 
into account the effects of these rhan^cs when making tl»e adjustments 
at the other i>oints. ^^^ile the corrections can bv made in any order, and 
correct results still be reached, much time can be saved by canying through 
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the work in the proper manner. In order to illustrate the method to be 
folhjwed, the calculations iniLdv in the adjustment of the values of the 
T's for th(^ truss given at the end of the chapter will now be explamed in 
detail. See Fig. Hi and Table 11/. 

As soon as the ^'s had been computed in the manner above explained, 

a small scale diagram of the truss was laid out (Fig. Hi), the ^'s of the 

various members written on them, and the summations of the -^ 's of ail of 

the members meeting at any one panel-point written just above or below 
the said jianpl-i)()int. Next the values of the angles f (which will hence- 
forth be called the first trial values of the angles 7*) were written on the 
various meml)ers, in such positions that it wuukl be po.ssible to write two 
or three more trial vaiuess above or below them, the said angles being 

expressed in ten-tliousa.ndlhs of a radian. The quantity -f- ^ ^mh^ 

WBB then calculated for each end of each member; and the fesolts for all 
the members meeting at any one panel-point were written down one below 
tlie other m Table ll^f. The figure for the chord member to the left was 

put down first, then that for the chord member to the right, then that for 
the diagonal, and lastly that for the post. Each of the quantities 

^Tim + ^ Tjnn) was then multiphed by the i)ioi>er value of j; and the 

summations of the products j ^ 4- ^ Tmit^ were formed for the vari- 
ous panel-jHjints. The woik nf adjustment was then bep;un. At point 4, 
which evidently needed much more adjustment than any other point, the 

102 

values of the T's were all increased (algebraically) by rr-r = 2.0 ten- 

thousandths of a radian. The effects of this adjustment on the quantities 

J (^nm + ^ ^wn) at points 2, 3, 5, and 6 were then figured and put 

• 

down just to the right of the quantity changed, giving -j- 16 for monber 

2-4 at 2, 4- 8 for member 3-4 at 3, -f 4 for member 4-5 at 5, and 

-f 23 for member 4-6 at 6. Point 8 wjis next treated, because it needed 
coiLsiderable adjustment, and also because it was e\ndent that this adjusted 
value should be pretty nearly correct. This last statement is true for the 
re:i.soiLS that neither 0 nor 10 needled much aiijustment, and that the 
adjustments at points 7 and 9 would not affect materially the conditions 

at 8, as the values of the -y-'s of 7-8 and 8-9 were small. The correction 

* 
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42 

required at 8 was t^-s = + 0.7, giving a change of -i- 8 in t>-8 at 6, + 1 

00.0 

in 7-8 at 7, + 1 in 8-9 at 9, and + 0 in 8-10 at 10. Points 1, 3, 5, 7, and 9 
all needed consitlprable adjustment. It was dcciiied to correct 3 first, 
it waa more in error tiian any of tlie otliers. The adjustment nxade was 

65 

rr-r « + 1.2, giving a ciiange of -f 12 in 1-3 at 1, 0 in 2-3 at 2, and -f- IG 
0O.7 

m 3-.5 at 5. (Hig change in 3-4 at 4 wii.s not figured, ius the first adjust- 
ment at point 4 hail already l)eeu made.) The totals of the summatioas 
at points 5, 7, and 9 then stood —31, —46, and —46, hence it was .some- 
what imeertain as to which it wwild he In st U) adjust first. Point 7 was 
st^lected, as it would tend to give lM>ttor results at both 5 and 9, leaving? 
point 7 the only one likely to be much in error after completing the ad- 

46 

justmeat. The change at 7 was = +0.7, and the resultmg changes 

Oo.a 

were + 11 in 5-7 at 5, + 11 in 7-9 at 9, and + 1 in 6-7 at 6. Point 5 

20 

was then adjusted by j~ » + 0.3, giving a change of + 1 in &-6 at 6. 

35 

Hie change required at point 9 wae ^ + 0.5, causing changes of + 8 

in9»ll at 11, and + 1 in 9-lOat 10. Point 11 was next adjusted. This 
point was peculiar, in that any cliange in the value of the 7* of member 
11-13 at 11 was accompanied by an equal change in the same member 
at 13, due to the fact that the truss and its loading were both symmetrical 

about 14. Smce r«w « - T^mt theexpression ^ [t^-^^ T^) for this 
member becomes ^ ~ T„^, The 2) ~ for point 11 should, therefm, be re- 
duced by one-half of the j of 11-13, before Uising it as a divisor, giving 

17 

51.3. The change required at 11 was, therefore, — -f- 0.3, while that 

at point 13 was — 0.3. Point 10 was next considered, l)ut no change was 
made there, as the total summation was only —3. Point 5 was then 

13 

taken up, the required adjustment being g^g " 0.2. Point 1 was then 

40 

adjusted, a correction of . » — 1.1 bemg required, giving a change 

of — 9 in 1-2 at 2. The adjustment at Pomt 2 was then made, the nec- 

22 

essaiy change being ^ , — 0.7. Pouit 14 required no adjustment, aa 
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it? true j>o>iti()ii was cviticnt from tho fart that both the truss and its 
loading were symmetrical a)3out the said point. 

The s<^'ct)nd trial vahit^ of the angles T found as above should be 
ibout correct. In order to test this facti as well as to give a check on 



again be made up. In the problem above explained, there were summa- 
tions of — 6 at point 1, + 14 at Point 7 and -f 4 at Point 9, the other 
summations l>eing 2 or less. Evidently an adjustment of -}- 0.2 was 
required at 1 and —0.2 at 7. The third trial values of the T'a were 
then worked out. Point 1 wa«? first juijusted by + 0.2; and the resulting 
changes at Points 2 and 3 were figured: Point 7 was next eorrect^^l hy 
-0.2; and the resulting changes at points 5, 9, 6, and 8 W(»re computed, 
those at 6 and 8 being less than 1. The new summation at 9 was -|- 1, 
indicating that no change was needed there; and that at 5 was ^ 2, for 
which no comction was required. All other third trial values of the 
Ts w&se the same as the second trial values. The summations of the 



quantities y ( 4- T«m I were then worked out from these third trial 



valnes. These summations indicated that, in this problem at least, no 
further changes were necessary. 

In general, it will be found unnecesaaiy to cany the work further than 
the finding' of the third trial values. However, if for any reason they 
should not be near enough to the correct values, the process can evidently 
be continued until the results are satisfactory. 

The method above outlined will be found less laborious than the anal>i^- 
ical method usually employed, even if it be thought necessary to carry 
the work througli cle-ar to the check of the summations of the tliini trial 
\-alues of the 7"s, as was done for the sake of illustration in the cxani))!!! 
above explained. However, the method has tlie furtlier advantage; that 
it Is possible to tell at any stage of thf work the prohahle errors 
in the trial values of the T's which have been obtaineti, and thus to 
decide in an int^'liigent mamier whether it is worth while to carry the 
work any further. Thus, it is known that even the first trial values of 
the T^s will usually be within one or two ten-thousandths of a radian 
cf the correct values, and by Equation 5 the probable error ui the fibre 
fl t HMBCfl in any monber due to the said differences can be determined. 
Hub error for ordinaiy trusses will not exceed 1,000 pounds per square 
inch. For the truss above discussed the mAvlmiim error is 1,000 pounds 
per square inch; and by comparing the fibre stresses computed from iheae 
last trial values with those obtained from the third trial values, it will 
be noted that the general agreement is close, and that for practical pur- 
fifjses the approximate values would suit very well. It is to he remem- 
Ured that the important point in a siHiCundary strets^ investigation is not 



the work, the summations 




should 
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the deteimmation of the exact values of the said stresses (for it is not 
to be expected that the figures c^ven by the computations will a^ee very 
closely with those in the actual structure), but to determine whether 
the said stresses are small and unimportant — ^ranging, say, between sero 
and 3,000 pounds per square inch — or whether they are laige and unde- 

a few moments to detorniino the approximate amounts of the stresses in 
the various membersi before deciding whether it is worth while to proceed 
further. 

In general, however, it wiU be best at least to check the summations 
at the various panel points, using the first trial values. As soon as these 
summations have been obtained, the probable errors in the first trial 
values of the T's at any panel point can be told pretty closely by dividing 

the said summation by the sum of the j*8 at the point. If these probable 

errors ho figured in this manner for the truss illustrated in the example 
at the end of the chapter, and if the results be compared with the differ- 
ences of the first and third trial values, we find the following results: 



Point 


Probablft Error 


Difference of 
First ftod Thifd 
THalValiiM 


1 


+0.8 
+0.5 
-1.3 
-2.0 
-0.8 
-0.4 
-0.7 
-0.7 
-0.7 
-0.2 
-0.4 


+0.9 
+0.7 
-12 
-2 0 • 
-0.3 
+0.2 
-0.6 
-0.7 
-0.5 
0.0 
-0.3 


2 


3 


4 


6 


6 


7 


8 


0 


10 


11 





It is noted that the ^n .ili (liscre[)aiicy is ().(). tlien* being but oiu? 
other exceeding 0.2. EvidentU' it the first trial values of the T's were cor- 
rected in the approximate manner just described, the maximum error in 

any quantity ^jT^ji, +-^ T^im^ would be six ten- thousandths of a radian. 

As the maximum value of 12,000 j is a little over 500, the maximum error 

in any of the fil»n' stresses would l)e al><)ut 3(K) pounds per square inch. 
Evidently we can obtain results sufficiently accurate in many cases by 
making the corrections in this wa>\ However, as it does not take much 
time to figure tlie second trial values in the manner previously outlined, 
it will usually be worth while to do so. These second trial values will 
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serve tot pradically any case. In the tnisB above diaciused the mftTimn m 
cRor in the second trial values of the 7*8 is 0.2, and m the resulting fibre 
stresses, 100 x>ounds per square inch. As a dieck it will be best to cal- 

tulate also the eummations for the second trial values. From these 
aLHunations the errors in tlie second trial values can be told at once, 
and the q\iostif)n as to the advisability of making any further adjust.- 
menls cun 1m' deoid(Hl. It may occasionally l)e noccssiiry to figure the 
third trial values; anil onco in a while it may be thought best to figure 
&iaO the resuUing summations. 

ThpH^ is a particular case which might be mentioned in which the 
method just c)utlin(>d could be useil to advantage. It may oocasionally 
h-e de;5iraV>le to determine the probable? values in some proposed truss 
before itB design has been made. In this case the truss dimensions and 
the unit stresses in the various members should be determined, and the 
first trial values of the T*s computed. Now by assuming the values of e 
for the various members, the approximate values of the secondary stresses 
can be figured. If results a trifle more accurate are desired, approximate 
values of the J's can be assumed for the various members, and rough 
second trial values of the T*8 computed. 

The method can also be easily appliecl to the analysis of any desired 
portion of a structure, such, for iiLstantc, as a continuous c hord in a pin- 
connecteil bridge, or the loaded chord of a truss with sulxlivided panels. 

The metluxl of finding the anmunts of the rotations of the various 
meml>ers from the Williot diagram <'an be u^ed to advantage for the 
checking of changes in the angles in various parti> of the structure, when 
the latter are computed by the method explained in "Modem Framed 
Structures," Grimm's book, and the A. K. E. A. report. 

In order to use the method above proposed to the best advantjvge, the 
full panel loads for which the truss is designed should be employed, rather 
than arbitoiry unit loads; for vrith the latter it will generally be impos- 
sible to judge from the approximate values of the T*s as to the actual 
fibre stresses under the full panel loads, and it will be somewhat difficult 
to decide how accurately the work should be carried out. However, it can 
be used to determine the stresses due to loads on a fK>rtion of a truss only. 
When it Is desirable to analyze a truss for partial loadings, as well as for 
full load over the entire spun, the following i)lan should be followed: 

First. Figure stresses for full dead plus live-jilus-inipaet loads over 
the entire structure, and then compute therefrom (by projxti tion) the 
stje--'-v for the dead load and the live-plus-impact load se|)arat<'ly. 

Strjfrifl. Calculate the stresses for the live-])lus-im|)act load at all 
except the end loa<l point of the truss. It will be necessary to consider 
but three or four panels at the end of the s]ian. as the secondary stresses 
in the other portions of the truss will be about the same as for the full 
load condition. The primary stresses and the elongations need be com- 
puted for the members in these panels only, and the Williot diagram can 
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be started at the end of the tnias. In figuring the values of the T's, it 
will be necessary to assume appiosdmately their values at the points 
where the pcnrtioii of the truss under oonsideration joins the remainder 
thereof; and these may be taken as equal to their values for full load, I 
as previously figuredi multiplied by the ratio of the primary chord 
stresses (at the said pomte) under partial loading to those under full 
loading. . 

ThML Repeat this method for as maiqr loadings as may be desired, I 
using each time one less panel load than before, and figuring each time 
the stresses in the panels near the "head of the tn^" only. 

Quite a numl>er of trusses have been analyzed for secondary stresses, 
antl the results pul)lished. Clriimii's hook, "Modem Framed Structures,'* 
the A. R. E. A. report, and Mr. Kunz's article in Engineering News give 
a numher of examples. In Figs, lla, 11c, and lie are shown the outlines 
of three riveted trusses which have been analyz(Ml in the author's office. | 
The first of these is a 2(J0' double track railwa\" span, designed for Class 
R of De PorUibus; the second is a 201' single track railway span of the 
Iowa Central Railway Bridge over the Mississippi River at Keithsburg, 
111. ; and the third is a 428' span employed in the first design of the Fratt 
Bridge over the Missouri River at City, Mo. The secondary 

stresses in the 200' double track span are shown in Table lla and Fig. 
lib; those in the 201' ma^ trade spaa, in Table 116 and Fig. lid; and 
those in the 428' span, in Table 11c and Fig. 1]/* It is interesting to 
note the entirely different character of tiie stresses in the end panels of 
the trusses in Figs. 116 and lid, which difference is due to the presence 
of the coOisiaii strut in the fonn^. The secondary stresses in the trasses 
of the Fratt Bridge as finally constructed were not as hi^ as those shown 
here, for some of the members were designed considerably shallower, and 
adjustments were made to relieve certain of the most s<'vere secondary' 
stresses. The lar^;e secondary' stresses caused by tln' action of the iiit iulHTs 
which ari» not a portion of the main truas system should be particukuly 
observed. 

In Tal)le lly and Fig. llj are pven the secondary stresses in the 290' 
span previoii>^1y discussed in this chapter. 

In fi^;uriug the secondary fibre stresses in the trusses shown in Figs, 
lla, 11c, He, and llg, the gross moments of inertia were employed in all 
cases. While, strictly speaking, the net value should be used for the 
tension members, yet, as the higher stresses occur only at the panel points, 
where there is generally a considerable excess of section, the error in most 
cases is of small impcntance. Where there is no such excess, the net 
figures should be empbyed. In calculating the ratios of the seoondaiy 
stresses to the primary stresses, the primary unit stresses were computed ' 
by using the gross areas of the ukembers, so that the resulting percentages 
will be about correct for the tension members as well as for the oompres- 
don members. It will be noted that the primary unit stresses in scmie of 
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Bivetod, Phiti'tniai Span. 
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TABLE Ho— Sbcomdast Stbbsseb in a 200^Foot, 0oimi;«E- 



LoMi, 

MxUx. 

LiL... 

uu.. 

LJi.. 
ViLt. 



{ 1 Gov. PI. 29 X H 
2 3H X3y2X H 
2 Z* 6 X 6 X H 
2 Bolt. Pis. 7 X H 
[ 2 Webs 28^ X U 

Same as for LoMi 

Same as '^or L Mt 
f Cnv PLs.. Z' etc. 
lus for L(^I\ 
2 Webs 28^4 < 1 
ts for (/«(/• 



{ 



4 ^' 6 X 6 X M 
2F]fl.28 X H 

Same as for LJLt 

/4Z*6X4XK 
1 4 Pk 28 X ?4 
I Pis. and Z' as for L»L« 
i 2 Pb. 15K X H 



/4 Z* 6 X 0 X ^ 

\ 2 PLs. 24 X % 

[4 Z* 3' 2 X 3^ X H 

\ 2 Pis. 21 X y% 

2D 15" XiOttM. 
2D 15' X 40 lbs. 

2D 15" X 55 lbs. 

f 4 Z* 3' 2 X 3»^ X J4 
\ 2 Pis. 21 X ^ 

2D 15" X40Ibfl. 

f 4 Z* C X 4 X?^ 
U PI. 183^ X U 



90.1 

90.1 
90. i 

108. 0 
106.0 

63.4 
03.4 

111.8 
127.3 

60.7 

49.8 
23.5 
23.5 

32.4 

39.3 
23.5 

21.4 



Total 



1,328,000C 

l^OOOC 
l,425,000a 

l,707,OOOC' 

866,000r 
855,0002* 

l,425,tX)07' 
1,707,0007 

96i,ooor 
6i7,ooor 
3io,ooor 
3io,ooor 

4io,ooor 

495,000C 
267,000C 



the web members are quite low, which is due to the fact that they were 
proportioned for reversal. 

The stresses in the four trusses shown herewith, and those in most of 
the others which have been published, have been figured for a single 
pasition of loading, generally full load over the entire span. While these 
are not the maximum secundary stresses in all portions of the structure, 
they are usually pretty elose to the greati'st values for most of the mem- 
bers. As a general rule, the inaxinuim total stress on any member (ucurs 
when it receives it.s gri'ate.st dinrt stress. <>v<'n tliough its seeon<larv stn'ss 
may be greater for some other couditiun of ioadiog. i^vidmtiyj there- 
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TaACK-RAUiWAT, Through, Riveted, Pbatt-Truss Span 



MAST Tri—imi 




Sbiconbaby Strsbssb 




Unit 


Faint 


. Top 


Sotton 


Mouiy 




1 




1,3300 




9.0 


14,850C 


< 


A/. 


8,8000 




66.0 


14,8500 




A/, 


8,300C 




55.9 

ao.o 








>•<•»•• 

4,/00O 


5,8000 


36.6 
30.3 


16,8000 




l> 2 


2,4000 
1,9000 




15.2 
12.0 


15(800C7 






1,9000 
1,900C 




12.0 
12.0 


ia,48or 




fLo 




2,300r 

2^oor 


17.1 
20.8 


13,4807' 




[U 


440r 


2,500r 


1R X 
lo.O 

8.8 


12,740r 




r/^ 


i,4oor 


3,2007' 


11 A 

•J.- 1 


18,4203* 




\l* 

[L\ 




2,soor 

2,8003' 


20.9 


18,780r 




fih 


SOT 


250r 


1.8 


12,390r 




\Ut 


i,eoor 


3,ioor 

• • . . . . 


12 9 


18,570r 


< 


^u^ 

[M 




1107' 

i,ioor 


8.1 


13,o70r 


< 


fL, 
LAf 




1,4007' 
/ oUi 


10 3 
o.o 






Left 


Right 




12 (ihOT 




(Li 


730r 


l,560r 


12.3 
5.8 


12,6000 




1 Li 
I f A 


4,0000 

• • * • * * 


• • « « • • 

4,6000 


31.7 
36.6 


11,2000 




U, 
LI/. 


2,0900 


1,400C/ 


IS.O 
12.4 






Top 


Bottom 








2107 






0 


u 




*68oir 













foie, the resoHs for a fully loaded span represent the worst effects 
OQ the chofds and end posts. For the web members near the 
ends of the truss, this same loadmg also gives fair values. For web 

members near the centre of the truss, the correct maxhnft may be 

conFiderabl} f^reater than those given by the said full loading; but 
as those mombers are e^cntTally quite slender, and frequently have 
an excess of section, the secondary stresses therein will rarely be of 
any importance. 

Quite a numh<*r of vjiluahlci general conclusions can be drawn from 
the investigatioiis thus far made. One of the best summaries is that 
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TABLE lib — Secondary Stresses in a 201-Foot, SmaiM' 



ViUi. 
Uln. 

LOi., 



1 



1 Gov. PI. 27 X A 
4 Z* 3>i X 33^ X 

2 Webs 20 X H 
^Cov. PI. and /.* 

as for L9U1 
2 Weba 20 X 
Gov. PI. and Z* 
m for Lfslh 
2 WebB 20 X 
amft M lor UtU% 



1 -( /» 

10 



4Z'3H X 

2 Pis. 24 X 

4 Z' 3?^ X 

2 PLi. 24 X 

4Z' X 

4 Plfl. 24 X 
4 Z* 3>4 X 
4 Pis. 24 X 

4/3* H X 

2 Pis. 20 X 
4 Z' 3^2 X 
2 Pis. 20 X 

4 Z'6 X 332 X A 

4 z' « X an X A 



8H X 
^X 

X 

H 

m X 

3H X 

H 

X 



3^ 



2D 15" X 88 lbs. 

2 r 15" X 45 lbs, 
2C' Id" X 33 lbs. 



1 



60.96 

55.95 

65.95 
65.96 

38.48 
88.48 

61.00 
78.00 

43.00 
81.48 

15.88 
16.88 

10.80 

26.50 
19.80 



Total 



TOOyOOOC 

820,000C 

984,0006' 
9M,000C 

492,000r 
402,000r 

820,000r 
984»0007* 

554,0007 
857,000r 

Lvi, uxir 

184,000r 

226,000r 

288,000C 
156,000C 



given iti the n'|)<)rt of the A. R. E. A. Committee before mentioned, irom 
which the foiiowiug extract is taken: 



"(1) In any gtveo tniM the amount of bending, or the sharpness of cunwtan^ 
pro<hiced in the niomhors in 1roncr.1l, proportioiKil to tho intensity of the primary 
8tro>«s(>s, th:tt is. tlir l:ir<r*>r the primary strcseefi the greater the deformation, both 
longiiuilin;illy uml in IxMKiing. 

"The hbre stresses resulting from this bending, that is, the sccondar>' unit stresses, 
•re propartKnud to tho bnding and, therefore, proportioiukl to the primary streneo. 
It foUoini that in any given tnus, for any method of loadings the eeooodaiy 
atreaMi bear a fiaeed peroentage to the prinuuty atrcnea, 00 matter what the amount 
of the load may be. 

" (2) Other things being equal, or .similar, the percentage of the secondary stress ia 
pro|>ort ional to the distance to outer fibre in thf plane of bondinp, and inversely ]>rt>- 
fiwtioDai to the laigtba of the members. When the membera are symmetrical the 
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TkAcx-RAiLWAT, Tbbough, RivnsDf Featt-Tbuh Span 































Per Cent of 




Mm 


Top 


Bottam 


Maximum 






li340(7 


7600 


10.6 
6.0 


• 

14,0400 




2,6300 




17.8 * 


14,0200 


■ 




830C 
1 *>ot)n 




6.6 

Q Q 

o . £ 


14,920C 




f u> 






6.6 

0.6 


12,640r 




fU 


2,6aor 




20.2 


12,640r 








8,oior 


28.8 


I3,440r 




\u 
\u 


l,350r 




10.0 

OA ft 


13,490r 




i u 




2,(YM)T 


15.5 


12,650r 


j 




• • « * • * 

2807* 


1,3707' 


10.8 
2.2 


11,3307' 






• ••••• 

86or 


2,340r 


20.7 

7.5 


lIpSTOT 




[M 




i8or 

8807 


1.6 
7.4 


ii^Tor 










o • «J 

8.0 






liCft 


Right 




ii,4ior 


{ 




2,490r 


2,8107 


24.6 








21.8 


lojaiBOC 






2,390C 
••••••• 


• • • • • ^ 

2,6800 


22.0 
24.7 


7,870(7 






1,8800 


1,2500 


19.5 
15.9 



■eoonduy rtw— win be proportniud to the mtios of widthi to kogtliB. Thue, if two 

tmsM are eomparcd in which the general dimen.sion.s Mnd momenta of inflrtia of mem- 
bcrs .ire proportioaal, but tho ratio of ilcpth to length of tho various members of one 
tniH"? i.«i in all raBcs twice this ratio in tho oilier tru.s.s, tlien the percentages of the sec- 
on»larv stresses* in the first truss will be twice the percentage*? in the .'<*'<'ond tniss. This 
relat ion comes about from the fact that in the two assumed caHes, if the primary stresses 
•R equal, the angtdmr dtfonnataons of the memben in the two tnunee will be the seme, 
aad, lor a giwi Miguler defonnataaD, the teBuhing fibre itrMi is proportioiial to the 
latio of depth to leogth. 

"(3) The seconduy atraaee in any particular member are dci)endent upon the 
distortions of all the members of the tru8.H, but, primarily, upon the di.stortions of the 
members of the particnlor triangtoe oC which Uiia member ie a part and oC the members 

of the ftdjoininu rrinncles. 

" (4) Bearing in mind the above principles, it is possible to predict from calcula- 
tkma of typical tnusee the eeeondary stresricH in any particular type of truss in terms 
«f flitio of depths to kngthe of mejibjra with a considerable degree of aoouraey. 
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"(5) Hie more untfonn the pioportioDB of a tnm the kss, in genenl, will be the 
■eooadaiy a twwe e. Sudcka cheoges in kngth, width, or moment of inertia are like^jr 
to reeult in relatively large secondaiy atresses. 

" (6) Trusses coiLsisting of approximately equihif oral triangles, and without hangers 
or vertical struts, present the most uniform conditions and will have, in general, the 
lowest secondary stresses. A tniss compose(l of ripht-angle triangles will show some- 
what higher secon«lar>' stresses, and such stresses will be large if the ratio of height 
to panel length is large. 

"(7) Wherever hangers or vertieal struts ere used to support itfngle joint loads, 
as in a Warren girder with vertioaJs, or m a Pratt truss (at the hip vertical, or at the 

centre vertical in the case of a dedL bridge) the secondary stresses in the 
chord members are hkeiy to be oonsiderably larger than dsewlx re The best ai 
ity so lar as secondaiy Blffcascs am eoncemed» is wliere each web member ibnns an 



(A, a U2 Ui Ua Us Uj U7 Us Us Ui (/s U2 Uf 




Lj L'e L's L3 <r^; i9 



t4j>aM/s & 30-7'- 428 -2' 



Fko. lis. fVusB Diagram of a 42S-foot; Double-deck, DouUe-tvaek-iBilway, 

railway, and Highway, Riveted, Petit^mas Span. 



integral part of the entire truas ao that ita atreas will gradually chaoge aa the load pro- 
gresses. 

"(8) Considering the fact that secondary stresses are, in genenil, i)r()|)fjrtionai to 
the ratios of depths to lengths and considering the principles stated in the preceding 
paragraphs, it foDowB that the secondary atiqioe s in trusses where the paoeb are aob- 
divided, as in the Baltimore or Petit system, are likdy to be very high. In the 
of pin-connected trusses this may ah» be the case with the top chord." 



Several other conclusions can be stated, more or less in line with those 
quoted. 

The double-intersection triangular truss without verticals is found to 
give exceedingly high secondfury stresses. If v(Tticals l)e added at each 
panel point, these stresses reduce ver>^ materially and liecome of about 
the same magnitude as those in the Pratt and the Triangular ^ystema. 

The K-^ystem of trussing, which is being used for the new Quebee 
Bridge, 18 quite free from severe secondaiy stresses, bdng similar to the 
Pratt and the Triangular systems in this respect, but permitting eco- 
nomical panel-lengths with great truas depths as in the Petit (^yatem. 
The fact of its having no sectmdaiy mmbers explains its immunity from 
excessive secondaiy stresses. 

The oondumon can also be drawn from the A. R. E. A. report that 
for trusses of the Triangular or the Pratt t5T>e without hangers, the ratio 
of secondar>^ stresseb to the primary ones will probably ruu ubouL 3.5 X 
dt'ittli of mem})er ..... , , - x*. l» l* i« ^ 

, ' . c I ; uut u hangers be used, such as the hip vertical m a 

length oi mcQiuer *^ 
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TABLE He. — Secondary STBsaaiss in a 428rFooT, Double-Deck, 

Pbtit-Trdbb 



UtM, 



LJU 

LtLt 

Ltih%. . * . . . 



Wh 

XittL* 



Ult 



{ 



8 Z ' 6 X 6 X A 
2 Webs 5A X H 

Same as for UoUi 

[2 Gov. PL*. 01 X tt 
' 4 Z' 6 X ti X 

4 Z'8 X6 X H 

2 Wfbs 54 X H 
, 2 \N cbs .54 X H 

Same aa for UiUm 

Gov. Pb. and 
aa for UtUi 
4 \\ ebs 64 X H 
2 WelM54 X H 

Same as for UJU^ 

Gov. Plfl. and Z* 
JUS for UjUi 
, 4 W eba 54 X ^ 
[2 WebsM X tt 

/4Z'6X6X 
\4Pb.72 X tt 

Same aa twLdn 

Sumo JUS for LoLj 

Same as for L%Li 

r4 Z' 6 X 6 X H 
4 PL*. 72 X ^ 



{ 



2 Pla. 72 X H 

Same as for LJj^ 

4 Z' 6 X 6 X K 
8 Pb. 72 X H 

Gov. ris. :ind Z» 
jw for t/..f/3 
4 W. hs -,4 X M 

HGov. PLi. and Z' 
as for C/^Cr. 
I 2 ^^\•bs 54 X 
[ 2 \\'i'b8 54 X ' i 
/4 Z* 6 X G X 
1 6 PLs. 48 X U 
4 6 X 6 X 
2 Pis. 48 X H 
I 4 Pla. 48 X H 
4 Z* G X 6 X H 
2 Pis. 36 X H 
2 PLi. 3G X H 

4 Z ' G X G X H 

2 Pis. :iG X ti 

i 2 PL*. 3G X H 



} 



} 



81.0 
81.0 

315.1 

315.1 

aeo.i 
ao9.i 

876.8 

237.0 
237.0 

237.0 
237.0 

372.0 

.372 0 
435.0 

321.9 

2^)4.9 

226.4 
208.4 

131.9 

113.9 



Maximum Fta- 



Total 



280,000(7 
237,0006' 

5,234.000C 

5,191,000C 
8,157,000C 
6^114,0000 
6,196,0000 

3,275,000r 
3,275,000r 

3,275,0(X)r 
3,275,000r 

5,295,0002' 

5,295,0007* 
6,174,000r 

5,064,0000 

4,065,000C 

3,234,0UUr 
2,939,000r 

l,868,000r 

l,618,000r 



. d by Google 



^NDABT, TBMPERATUBB, AND INDBTEBBONATB STBESBBS 197 



DoUBI^TbacK KaILWAT, ElECIRIC-RaILWAT, AMO UiaHWAT, RXVXTBD 

Span 



MJUIY S 



3,460C 
2p930C 

16,610C 

16,6fiOC 

16.4S0C 

13,830r 

14,200T 
16^2000 

14,2807* 
14,1007 

14,l70r 



SaOONDABY STBBaB0 



I Ml 
lAf, 

if. 



Top 



8,430(' 



2,880(7 

2,690C 
4,700C 

t 

3,370C 



3,980C 

3,910C 
3,010C 

3,4507 



7,7207' 
7,9607 



0,7307 
9,1707 



r>.1407' 
4,3407' 



2,190C 
7,030C 

8,170C 
3,4907 



6,0607 



1,2207' 
1,3407 



1,060C 

is>ooc 

5,UoOC' 



2,460C 

2,0706' 



9,7f)07' 
9,3207' 



9,7007 
9,5507 

12,9407 



8,170C 

'4,72()7' 
4,2207' 

3,3107 



4607 



Per Ontof 
MaiinHim 



48.4 

17.3 

16.3 
28.6 

20.2 
14.7 

16.1 
24.0 

23.7 
18.3 

26.0 

111.6 
112.7 
55.8 
.57.6 
70 1 
G7.4 
70.4 

64.6 
68.2 

67.1 
36.1 
30.6 
91.1 

13.5 
47.1 



51.6 
61.6 

24.5 
33.1 
30.0 

35.9 
23.4 

8.6 
0.4 

3.3 
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TABLE 11c — Continued, — Secondary Stresses in a 428-Foot, Doi blc- 

Petit-Truss 



UdUr 

UM, 

MtU 

Wia 

LtMi 

UtU 

IhM4 

MMi 

Lttf* 

AUL\ 

L9M9 

jf«c;« 

• • • • . 

MiUi 

XoAf, 

MtUt 

Li^lh 

A#.(/i 

UM, 

MiUi 

AfoAfi.... 
Af«A/, 



/ 4 6 X 4 X H 

\ 2 PLs. 22 X A 

Same as for 
Same as for UJit 
Same as for 
Same as for VJUr 

( 4 I' 0 X 0 X 
2 PLs. 36 X A 
2 Pla. 36 X M 
4 6 X 6 X H 
4 Pis. 36 X A 

Same as for L^M^ 

f 4 Z» 6 X 6 X A 
\ 2 VU. 26 X A 

Same jus for LaA/,, 

14 3H X 3H X^g 
\ 2 Pb. 20 X H 

Same as for LoiUo 

f 4 ZMi X 4 X H 

I 2 PLs. 2() X ^4 

/4 3U X 3H XH 

1 2 Pis. 24 X 32 

Some as for LiM 1 
Same as for MxXJx 

Saine jiri for L\M\ 
Same as for MxUi 
Same as for Liitft 
Same as for MiUi 

2 C' 12" X 25 lbs. 
2D 12" X25Um. 
2 D 12" X 25 lbs. 



} 



43.7 

43.7 
43.7 
43.7 
43.7 

104.9 

100.4 
109.4 
40.5 

49.5 
20.9 
29.0 
58.0 
33.9 
58.0 
33.9 
58.0 
33.9 
58.0 
33.9 

14.7 
14.7 
14.7 



Maximum Pri- 



Total 



497,000r 

497,000c 

522«000C 

522,0006' 
622,000C 

1,325,0002' 

l,54O,O00C 
1,540,000C 
492,0000 
492,000C^ 
370,000c 
37O,000C 
082,000r 

125,000c 
682,ouor 
115,000c 

(>82,000r 

115,000c 
682,ooor 
115,000c 

0 
0 

0 
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DlCK» DoUBLB-lVtACK RAILWAY, ELBCTRIC-RAILWAY, AMD HIGHWAY, RlVSTBD 

8pan 









1 








Per Cont of 




1 mnt 


Top 


Bottom 


Maximum 




1 






i^nmmry 










i,77or 
7or 


15.6 

0.6 




* 




mxj 




10.2 
3.5 


11,940C 






2,0 


2,iabc 


17.8 
16.8 


11,040C 


• 1 




440C 
HOC 




3.7 
0.0 


IMMOC , 






2,440C' 




8.6 
20.4 


1 


» 




Loft 


Rigbt 












l,340r 


10.6 








i,2ior 










« 


9.6 


14,UU0C' 




^ Li 


2,900f' 
5i>0C 




20.6 
4.2 


14,060C 


1 




590C 


3,240C 


4.2 
28.1 








2,770C 


• • • 


27.9 
0.4 


9,960C 








40C' 
2,860C 


0.4 
28.7 


i2,aeoc 






2,»)<KK' 
3,loOC' 


16 2 

25 . 5 


12,360C 






5,720C 


■ • 

9,fi00C 


46 3 
76.8 


ii,7oor 


\ 




l,320r 


4,oior 


11.2 
34.1 


3.860C 




f Ml 


7,4400 


8,420^' 


• • » • 

.... 


11,7607 




Ml 


2,820r 


3,300r 


28.1 
24.0 


3,390C 




I 

it/. 


3,230C 


6,860C' 


• • • « 

• • • • 




< 


\u 




5101* 


16.5 
4.3 


3,390C 






4,v4(jC 


6,280C 


• • • • 

• • • • 


<■ • ^* y-v ^ff f 

ll,760r 




(U 

1 A/t 


0 
0 




0 
0 


3,390C 


1 • 




0 
0 




0 
0 








Top 


Bottom 








f A/* 


s.oior 


7,130C' 




0 




[Ml 


8,010C 


7,130r 










2,lQ0r 






0 


1 






2,{m)T 




0 






* 'i,04or 






• 


I Afr 




960r 
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Pratt truss, or verticals at every panel-point in the Warren system, the 

. ,t « « « « B 1 m (lentil of momher ^ 

ratio for the loaded chord is hkely to be 5 X , . The 

iengta oi member 

effect of hangers in a Petit truss is especially groat, because their adoption 
Is very likely to be aooompanied by the employmeat o£ unuBually hiijh 
depth of member 

values of z — . . It should be noted in particular that when 

length of member * 

sub-ties are used in the through Petit truss, the secondary stresses in the 
bottom ehorcl are two or three times as great as those occurring there 
when sub-struts are employed. 

The f'ffpct of pins on the secontiarv stresses deserves particular atten- 
tion. For eye-bars and narrow riveted members, such sw four-angle I- 
struts, the secondary stresses will not usually develop sufficient moment 
to cause the members to turn on the pins. However, on account of the 

, ^. - depth of member ... , , 
low ratios of i — -rr — z — Trr — in such pieces, the secondary stresses 
length of mefnber *^ ^ 

therdn are not likdy to be high; and it is further probable that th^ 
become sere under dead load. Where deep riveted members are con- 
nected to pins, rotation may be expected to take place when the sec- 
ondary stresses br-conie t^en (10) or fifteen (W)) per cent of the })rimarv 
ones, if the entire stress in the member is carried l»y the pin; antl these 
percent jiges will be correspond incjly reduced if only a portion of the stress 
is carritd by the pin, as in the c:ise of a continuous top chord. The maxi- 
mum secondary stresses in such members therefore, rarely exceed 
ten (10) or fifteen (15) per c(!nt of the primary ones. In analyzing a 
truss having pin-connections by the method previously presented in this 
chapter, the first trial values of the 7"s should be computed on the assump* 
tion that all members are fixed to the pins. The moments tending to 
turn the pins in the deep riveted membm can then be calculated, using 
these firdt trial values of the T's; and from the said values it can be deter- 
mined with sufficient accuracy whether the said members will turn. If 
ai^ member be found to turn, the moment on the end thereof should be 
taken equal to the moment which will just cause rotation. In the case 
ol a oontmuous chord which turns on a pin, thb critical vahte of the 
moment will be applied by the chord to the other members, and by the 
other members to the continuous chord. The method of figuring the 
turning moment which is recjuired to overcome pin-friction is discussetl 
on page 464 of "Modern Framed Stnu tuns, ' Part II, as is also the 
question of the efTect of pin-cunuections in general. 

Perhaps the most important feature (tf the problem of secondary 
stresses is the determination of what elfeets can l)e avoifled and what 
ean not. It has been noted already that in the Pratt, Triangular, and 
K-truss(is, the secondary stn^sses due to the action of the main truss 
members are small, while those due to secondary members are likely 
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to be quite large. Evidently the important point is to get rid of the 
effects of tlic s('ct)ndary members. 

The pos.sibility of the reduction in the stresses due to tlie action of 
Uie main m(^ml)ers will first be considered. It is^ clear that these mem- 
bers, other than chords continuous over two or more panels, will be practi- 
cally free from secondarj^ stresses at the time they are riveted up, which 
means under the no-load or partial-dead-load condition. A chord can 
be rdieved by cambering the truss for dead load plus all or a part of 
the live and impact loads, laying the said chord out straight, rivetuig it 
up, and then bending it to the proper camber curve before attaching the 
wd> members. The only way in wluch anything can be accomplished 
in relieving the web members is by putting the span under a good portion 
of its total load before the riveting is dofle. This could be effected by 
connecting the various web memlH'rs to the gussets by drift-pins and bolts, 
and <lt>inji; the riveting; after the span has bec^n swun^ and luadcd. The 
(h-ift-pin.; should Ik' driven in one compact gronj) at the centre of the 
conn<'<'tion. Aiuithcr metho<l would be to provide pins to carry the 
(lead-load stres.ses at tlie points where the worst secondary stresses occur, 
and rivet up these j^oints only alter the si)an has }>eeii swung. However, 
as the 8econdar>' stresses involved are not usually large, it would rarely 
be worth while to go to that expense. 

The stresses due to the action of the secondary members are quite 
large, however; and they should be reduced,, if practicable. Evidently 
the objectionable feature of these members is that they pull the main 
members decidedly out of line; and this effect is to be avoided as far 
as possible. For a member which carries no stress, the problem b simple. 
The proper length when the truss is loaded by the dead plus a part or all 
of the live-and-impact loads is determined by means of a WiUiot diagram 
and the holes in one end are either left blank or are sub-punchtxl and not 
reamed. The main connections and that in one end of the sulnmember 
are fully riveted and the span is swung, and then a lu avy load is placed 
on the bridge. While it is thus loaded, the holes in the other end of the 
sul>-member are to be reamed or drilled and then the rivets are to be 
driven. 

When secondary members carry direct stresses, however, as do hip 
verticals, hangers, or sub-struts, this procedure cannot l^e followed, l)e- 
caase their connections must l>e riveted before any load can be placed 
on them, and preferably before the span is swung. The following method 
is, therefore, suggested. The deformations of all of the members 
of the truss under dead load plus a part or all of the live-and- 
impact loads are to be calculated, the tension members are to be shortened 
and the compression members lengthened by these amounts, and the 
proper positions of all panel-pdnts under no-load are to be computed. 
Then the truss is to be laid out hi the shops with all of the main panel- 
points occupying these positions, and with all main members straight 
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between the main panel-points. All the coiinortions in all the main 
members are tlx^n to be reamed, and nls(> the connection at one end of 
each stib-menil)(T. In order to ream the other end connection of each 
sub-member so that the piece will be of proper lengtli, the main members 
would have to be bent and the intermediate panelr-poiiits shifted. As this 
would be very difficult to do, and as the results would probably be inac- 
curate, the amount that each panel-point should be shifted with respect 
to any adjacent point b to be figured, and then the already reamed ooi^ 
nection of the sub-member jcmiing these two paneHpohnts » to be un* 
bolted, and the member slipped longitudinaUy by the amount that the 
paneUpoint should be moved. The connection at tiie otiier end of the 
member is then to be reamed. This procedure can, of* course, be followed 
with sub^nembers which have no stress as weU as with those having 
stress In them. When the truss Is erected, the main panel-points are 
to be put in their proper position on the camber-bloekinj; w ith the mem- 
bers straight between the said panel-pouits; and then tlie coimections 
for the main members and for one end of each sub-number are to be 
riveted up. The main members are then to be bent until the holes in 
the other ends of the sub-members match, when they al.^io are to Ix* riveted 
up. This bending may be accomplislied by the use of jacks or steam- 
boat-rachets, by starting tapered drift piiLs in several holes and ^nuiu- 
ally driving them home, and by lowering the main panel-points a trifle 
on their blocking. Wlien the truss is swung and covered vnih the loading 
for which the deformations of the members were figured, it will be free 
from all secondary stresses due to the .action of the sub^nembers. 

It would appear at first thought that it would be best to ooirect for 
secondary stresses in such a manner that they will be sero when the 
full dead-plus-live-plus-lmpact loads are on the span. However, at the 
Instant that the chords have their maximum stresses, the live-load stress 
in any sub-member may be much less than its maximum value, or even 
nearly sero. Since it is for the ^ect of these members that we wiaii to 
correct, it will probably give just as satisfactory results if the adjust- 
ments are made in such a manner that the effect of the said secondary 
memlMTs will \m elinniiatt d wlieu the span is under dead load pluij one- 
half of liv<'-and-ini]):ict lo;ids. 

AVhen a rivet<'d ^inlpIe truss span is en-cted by . ejui-eantiievering, 
particular atteutiou sliould be given to tiie secondary stres,s('s. Ixn-auso 
the change ui tin primary stres.ses from erection conrlitions to full load 
conditions is very great in some members. It may be desirable to intro- 
duce temporary' pins into some of the connections, or to use drift-pins 
only for some of them until after the truss IS acting as a simple span. 

Tlie angle of rotation of members at a support is usually quite large, 
so that the use of pins at these points is almost imperative for spans of 
any sise. This applies to cantilever bridges as well as to simple truss 
spans, pin-bearings lx»ng advisable at the main fner; for, otherwise, the 
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stresses due to movement of the members must be considered and provided 
for. 

I Clause 90 of Chapter LXXIX, entitled ^'Correctioii of Seoondaiy 
StresBes," reads as foUows: 

"The secondan' stmwos in ri voted trusses arc to be modified by lengthening and 
shortening the various truss ineinl>er8 the amounts of their respective shortening and 
kngttMoiat umkr deid load plus one half of tin livi»ipli]»-impact load, drilling or 
leaming the dmd spltow while the ofaords are nBBcmbted in strait lines, then forcing 
the trasB members into their proper posationa for connection to eadi other before drilUng 
cr reemmg the hoies in the jointe." 

This clause was submit ffnl for commont in person by the author to 
Paul.L. Wolfel, Esq., (\E., ihicf engineer of the McClintic-Marshall 
Construction Company, who is, undoubtedly, the highest American au- 
thority upon the subject of the correction of secondary' stresses. After 
reading it several times and oonadering it carefully, he reported that 
iHiile it mi^t be difficult or even impracticable fully to live up to it in 
some extreme cases, it oovei«d the ground so thoroughly that he could 
not suggest assy improvement in its wording. It will be noted tbat there 
is no eoBo ntlal difference between this dause and the method of correction 
of seooodaiy strooBcs preyiously presented in this chapter. 

Bkndin(; Strksses in tiik Plane of the Truss Due to Eccentricity, 

TO WfciUUT OF MEMBJbiltJS, AND TO TllANSVER5E LOADS ON MEMBERS 

These bending stresses arc not secoiuiiiry stresses in just the sense that 
the word is generally used; l)ut ius they require for their complete analysis 
the priiu ij>les employed in secondary stress computatioas, they will be 
considrred Ijriefly here. It will first l>e necessary to state a few formula^ 
for continuous beanis. 

Suppo.sc^ a beam joining any two points 1 and 2 be acted upon by a 
moment Ml at the point 1, causing the end tangent at 1 to turn through 
an angle Ti. Then the value of Ti will depend upon the condition of 
the far end 2, the length of the member I, and its moment of inertia /. 
We shall consider four conditions: 

FirsL Beam fixed in direction at 2, so that T% (the angle through 
whidi the emd tangent at 2 turns) equals sero. 

We have from Equation 1 of this chapter. 



and 



Afi 



4 EITi 
I 

A/, I 



[Eq. 7] 



[Eq.81 



whence 



4EcTi 
I 
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2EITi Mi ..J. 

We also have Mi « — - — « — » l^- l^J 

««dA-^. lBq.ll] 

In the above equations 

fi «■ Btrees on extreme fibre of the member at 1, 
ft » stress on extreme fibre of the member at 2, 

and Mi = moment at 2. 

Second. Beam continuous at 2, and over several supports beyond. 

We liave from the Theorem of Three Moments, 

j|f, - 0.27Mi. [Eq. 12] 
From this we find, from Equation 1 : 

Tt= - 0.27 ri. [Eq. 13) 

Ml , [Eq. 141 

- > lEq. 15] 

A - [Eq. 161 

Af, = ^ , [Eq. I'] 

0.08 Mr I • rT7 1 Qi 

T, , [Eq. 18] 

^ 0.94 . 

and ft = ^ . [Eq. 19] 

■ Third. Beam rimply supported at 2. 
Since in this case Mi is sero, we have, by Equation 1, 

T, - - i Tu [Eq. aO] 

» 

r. = 3^;. IE.. 221 

. iMl, (Eq. 23] 

and r. - li^- 241 
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Fourth, Beam partly restrained at 1 by other beams, and fixod at 2, 

carrying a uniform load of p p<T linoal unit. 

We have fruiii iiAiuation 2b uii p. 409 of ''Modem Framed Struc- 
tures," Part II, 

Ml « — J — * [Eq. 25) 

Af,« pi* 

The upper of the two agns before tin second term of the right-hand 
member of each equation Is to be used when Point 1 is at the i^t end 
of the beam, and Point 2 at the rig^t; while the lower sign is to be used 
when the reverse is true. 

The effect ci eecentrieity at any joint can be esthnated as foUows: 
Figure the moment Af at the pomt due to the eccentricity. This mo- 
ment will cause the ends of all the members meeting at the point to turn 
thiough some angle Ti. We may then write 

M^Ji^^j^, [Eq.301 

where K depends upon tlie condition of the other end of each member. 
Ordinarily, this will vary from the continuous condition to one nearly 
fixed. The most probable values of A' should be selected, using Eciua- 
tions 7, 14, and 21. The value of Ti can thus be calculated, and 
then the moment Mi and fibre stress fi in each member. It will rarely 
be worth while to consider the effect of eccentricity except at the point 
where it occurs. If such be deemed necessary, however, the method given 
on page 462 of "Modem Framed Structures," P^ II, can be followed. 

The bending due to the waght of a member is generally to be deter- 
nuned fay the approximate fonnula given in the specifications of Chap- 
ter LXXVIII. If an exact figure be desired, the method outlined in Arts. 
330 and 331 of "Modern Framed Structures," Part II, can he employed. 

The bending due to transverse loads on a member is also usually to 
be compute<l by the same a}>pn)xiiiiat(' formula just nicutiuned. ^^ hen 
all the panels of a choni which i> subjected lo such londs are fully loaded, 
there will be little t(»nd('ncy to rotate at any of the |)auel-poiiits. or to .s<4 
up secondary streaseii in the tms^; but if only a portion of the chord is 
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loaded, the gusBctpplateB at the paoel^point near the head of the tram 
may he rotated eomewhat, thus causmg secondaiy at r eMneo m all of the 
memhers meeting at the said point. This oonditkm may be analyaed as 
follows: The chord loaded is to be assmned as partly restrained at the 
panel-point in question and fixed at Its other end, as was assumed for Hie 
fourth condition given above. The condition of fixity at the other point 
will ])e al>out rralized, a,s there will be a load on the next panel also, caus- 
ing the end tangent there to remain nearly in its original i)osition. The 
moment Mi in the chord at the point in question is equal to the sum 
of the moments in the other truss Q^tolbers meeting at this point, hence 
we may write, 

S— j « — [Eq. 31] 



The summation in this equation i> taken for all the memlxTs meeting 
at the point except the chord member which is loaded; and K has the 
same significance as in Equation 30. The value of A' for each member 
is estimated, and Ti is then calculated. From this the values of Mi and 
/i for each member can be easily figured. The effects on the far ends 
of the various members will rarely need consideration. 

The secondary stresses due to eccentricity and to transverse loads, 
as calculated appnndmatdy above, are in addition to the secondary 
stresses due to rigidity of the joints. Their effects will be small in atanost 
any well designed truss. 

BSNDIKO StBESSBS IN MSUBBBS OF A TftAMSViaiSB FSAlfX DuB 
TO THB DBTLBCTION OF FlOOR-BbAHB AMD TO PbIMART 

Stresses in Posts 

These stresses result from the fact that the floor-bejuns and the poets 
are riveted rigidly to each other. It is found by an analysis of the prob- 
lem that the floor-beams are only slightly fixed at the ends, but that the 
bending stresses in the poets are considerable. Hie analysis is c^ven in 
"Mod^ Framed Structures," Part II, page 502. If in deriving Equa- 
tions 45 and 46 on that page we take a «s 0.36, which is more nearly 
correct than a >= we get 

fi 

for the condition of verticals hinged at the top, and 

for verticals fixed at top. In these equations 
fx = fibre stress in floor-beam at centre, 



lEq. 32] 
[£q.33] 
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ft = fibrp stress in post at bottom, 
d = depth of floor-beam, 

— width of poet, 
h = distance from centre to centre of tnigses, 
and h » distance from centre line of floor-beam to centre line of overhead 



Probably the best results will be obtained by using Equation 32, 
and taking k as the distance from centre line of floor-beam to centre line 
of bottom strut of sway bracing. For single-track railway bridges ol 
abort span, fair values of those quantities will be 

fi = 14,000 lbs. per sq. in. 
b = 17' 
h = 21' 

ct = 13" 

/. /, = 14,000 X ^ X ^« 2,730 nearly. 

For long-span, single-track railway bridges we shall have^ 

/i = 14, (XK) lbs. per sq. in. 
b = 17.3' 
/i = 26' 
ci = 54" 
Ci = 16" 

/, = 14,000 5^ X 20~ ^'^^ nearly. 

For short-span, double-track railway bridges we shall have, 

/i = 14,000 lbs. per sq. in. 

6 = 30' 

h = 21' 
Ci = 84" 

a = 14" 

.\ft = 14,000 X ^ X ^ = 3,330 nearly. 

For long-fipan, double-track railway bridges we shall have, 

/i = 14.000 lbs. per sq. in. 
6 = 31' 
;i = 20' 
Ci - 84" 
ft = 20" 

20 31 

/, = 14,000 X X 25 = 4,000 nearly. 

Evidently, stresses of this nature* arc' of some importanre in ordinary 
desigDS, although none of the members but the hangers are hard hit, as 
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a post does not receive it« maximum stress when the floor-beam riveted 
to it is loaded, except in a deck })ri(lge. Whenever wide distances from 
centre to centre of tru&ses, shallow ll()()rd>eams, or wide [mMs or hangers 
are used, the efTcfts should l»e considered, partirularly in the cai^e of 
hangers. In the Quebec Bridge some of the flcxjr-beanis are carried on 
pins, while those which rivet to the posts are to b<» so attached that under 
full load on the floor-beams the said poets will not be bent out of line* 
In the author's Fratt Bridge, extra flection was added to each hanger to 
proYide for this effect. 

Stbbssbb in a Hobixontal Plamb Dub to LoNGrruDmAL 
Dbfobmahon op Chobds, Ebpbciallt Stbbbbbb in Floob-Bbamb 

As a general rule, tlie steel floor sysUni <»f a truss h[i(l<i;(^ con>ists ut 
stringers riveted to the webs ot tlie tloor-l)eanis. \\ iien such a span is 
loaded, tlie chortis d(»form longitudinally, while the axial length of the 
8tring<Ts is practically unclianged. If the stringers are riveted continu- 
ously from end to end of the span, evidently the floor-beams must bend 
horisontally, this effect varying from zero at the centre of the truss to a 
maximum at the ends. 

On page 487, Vol. 15, of the Proceedinffs of the American Railway 
Engineering Association, the assumptions which are usually made for 
the calculation of .these stresses are stated thus: 

"If it is Ms.siime<l that the axis of the stringers iloes not elongate, that the stringer 
conneetions are unyielding, nnd that the ends of the beams remain vertically over the 
joint centrtas; then it follows that the horizt)ntal detiedions of the bciuiui must cor- 
rospond to the elongiitions (or BharteningH) of the chords. If it is aamuned that tbc> 
oeotte beam remains straigitt, the deflection of the adjacent beams must be equal 
to the elongation (or ehortening) of the one pand of the ehoid; the deflection of the 
nest beam will be equal to the elongation of the two paneb, etc." 

Snp])ose we con.^ider any floor-lwam at a distanee r/ from a l)cam which 
is assnmcMl to remain straight. Then the liorizontal ilofleetion A of the 
beam at the point where the stringers are attached to it is, on the above 
assumptions, 



where ,s — unit stress in el ion 1, 
and E = modulus of elasticity. 
Now for a single-track railway bridge with two hnes of stringers, it 
can be shown (see the A. R. E. A. report alK>ve referred to) that, assura- 




lEq.341 
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where e — half width of flange, 

h = distance from centre to centre of trusses, 
and a = (iistance from centre of a trub8 to the nearer istringer. 
If we ab6ume as ordinary values 

6 = 17' 6" = 210" 
a = 5' = 63" 
and s 13,U00 lbs. per bq. iu. 

we shall have 

^ ° 68(6^-252) ^ ^^'"^ = '^^ '"^^ 

In a two-himdred-foot span we would have the following values for 
the hbre stresses in the end floor-beams: 

for c = 4.2" / = 3.3 X 4.2 X 12(K) = 1(),(')<K): 

for c = 0.2" / = 3.3 X 6.2 X 1200 = 24,500. 

It is evident from this that if all of the {assumptions ahovc made were 
realizefl, these beiuhng; effects on tlir floor-beams would be very scrHius. 
For doul)i»-t raek bridges the lifi;un'd fibre stn's>('.> will bu eveu higher 
tlian for single-track bridges. It will Im' found, however, that the actual 
wndition in a well-designed structun; is nmch In ttcr than has bcL'U above 
aisumed. Tlirough and deck spans will be coiLsidered se])arat('ly. 

In a through sp.-m the bottom thmges of tiie stringers will be in ten- 
5non, and will stretch about as much as the chords themselves, thus re- 
ducing very materially the bending of the floor-beams. The top flanges 
of stringers will shorten, and tend to draw away at each floor-beam, thus 
patting tension in the rivets connecting the floor-beams to the stringers, 
and bending the connection angles. In order to relieve this condition, 
the legs of the connecting angles which rivet to the floor-beam web should 
be as wide as practicable, with the rivet gauges as far ai)art as possible, 
thus malting the connections somewhat flexible. But the most certain 
relief is obtained by the provision of an efficient traction frame in every 
|K*nel, as is retjuired f)y the specifications of ('l»apt<M- LXX\ III. These 
iruinc-s will tend to conipi l the stringers in each pam l to move It ii^tli- 
"^'ivk' with the chords, thus leaving the floor-beams nrarly straight. Addi- 
tional relief can bi' s<^cured by riveting the stringers after the s])an has 
been swung, as the bending efTect from the dead-load stretch of the chords 
can then l>e made practically zero. 

In a deck span the stringers should l)e made al>out one-sixteenth Cli^ 
of an inch short ^r for cAch ten feet of length than the clear distance between 
floor-beams when the truss is on camber blocks, and they should be riv- 
rted to the floor-beams only after the span has been swung. The adop- 
tkm of wide-legged connecting angles wiU be of advantage, as they can 
be bent oat against the floor-beam webs when riveted, and wiU then spring 
bttk when the chords shorten. The thrust frames, which are always to 
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be provided in deck as well as in throu^ spans, will then have the same 
efifect as in tho case of a through bridge. 

For lung si)ans the relief given by the niethwls above mentioned is , 
insufficient, and it is necessary to break tho continuity of the stringers. 
The specifications of Chapter LXX\ 111 provide that in spaiLs over two 
hundred (200) feet long at least on(^ expansion joint is to be used; and 
that in no span is there to V)e a length of continuously riveted strings i 
exceeding two hundred (200) feet. ' 

In addition to the bending on the Boor-beams, the deformations of 
the chords produce other secondary effects, one of the most important 
qI which is that on the laterals. The diagonals of the system along the 
compression chords will be in compression, and those of the syst^n along 
the tensioii chords will be in tension. These induced unit stresses in the 
laterals may be one^ialf of the primary stresses in the diords, or even 
more. This indicates the need for ample connedaoos, desigDed to develop 
the strength of the diagonals rather than merely to meet the figured 
stresses. It also shows the importance of making the lateral system 
along the compression chords of stiff members, as angles capable of stts- I 
talning tension only would become slack, unless they were riveted up with 
the bridge loaded. 

Tempeeatuke Stbesses 

It is a well-known fact that practicallj' all sul)s[anccs expand and 
contract as the temperature rises and falls. It is evident, therefore, that 
all structures will ciiange in length more or less with such variations. 
Now if the ends of a span be restraininl in any way, there are likely to 
be developed temperature stresses of more or less importanc(^; but if the 
said ends are free to move, the structure will be nearly free from any 
such stresses. Evidently, therefore, so far as temx)erature stresses are 
concerned, structures should be designed so as to be free to expand or 
contract in any direction. 

In general, it is possible to provide for this movement. Thus spans 
resting on masonry have one end free to move longitudinally, unless, per- 
chance, they be very short and have their ends rigidly attached thereto. 
Trestle towers with feet widely spaced and havmg horiaontal stmts near 
the bottom, when properly designed, have one shoe ^ed, one free to move 
transversely, one free to move longitudinally, and one movable honaoor 
taUy in any direction. 

It frequently happens, though, that the provision for movement is 
undesirable for some reason or other. In many cases such movemi'ut 
would result in a loss of rigidity, and occasionally in a reduction of strength ' 
or efficiency. An expansion joint in a floor nearly always invol\ <•< m jxhjf ' 
strip of pavement and frequentlv also a rou«ih spot in any trark which 
th€ structure may carry. Furthermore, cxpauiiion joiutti are usually ex- 
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pensive. For all those reasons, therefore, it is of the utmost importance 
that no uiiiit"( t's.sarv provision for expansion he made. 

Wherever pinlcrs or trus-^es of any ordinarj^ length re.«t directly on 
masonr>', it will ho imnossihlo to omit such i)rovision; for, if this wore 
done, the change in li iigl h of the parts would force the shoti to move 
and either bend over the anchor bolt« or crack the masonry. Wherever 
Orders or trusses are carried on columns, there is a poaaibility that the 
flflzibilitgr of the latter will pennit of a reductioii in the number of aqpttk^ 
man points. 

The standard railway trestle consists of alternate long and diort spans, 
the latter befaig the tower spans. There is usually an expansion joint 
at one end of each long span. In this type, therefore, there are practi- 
cally no tenq)erature sUcusos . Frequent^, however, some of the girden 
are supported on solitary bents. As the cohunus thereof have some fleofr> 
ilMlHy, it may be permisBible to diapoise with some of the eoqMnsion j<nnt8. 

In computing temperature stresses in such members, the movement 
of the top of the colmnn or other member is first to be iigured. This is 
given by the formula, 

A = 0.0000065Lr, [Eq. 37] 

whert A = movement, 

L — distance to point of no mo\ cment, 

T = temperature clianpe in degrees Fahrenheit. 
If L be taken as 100 feet, and T as 100 degrees Fahr., A becomes about 
0.S of an inch. That is, the movement for a lOO-foot length and 100 
degrees Fahr. change m temperature is 0.8 of an inch. We may, there- 
fore, write, 

A-0.8Xj^Xj^ lEq.38] 

where A is in inches, and L m feet. 

For steel stnioturos, the maximum value of T may usually be taken 
a*'' 7n doqrreos either way from the normal. In some loc.iliiies smaller 
fijinr' - may be adoi)ted, 45 degrees being Miflici(*nt in tin- tropics. For 
r-'iK rt'1<» structures a variation of 30 degrees al>ove aiiil 50 degrees below 
the normal temperature is generally considcTod to be sufficient. 

Now eonsifler that a column of length I, moment of inertia /, and 
half width c has its top deflected by an amount A, thus developing a 
force P at the top, and certain bending stresses in the column. If the 
column be fxee at one end and fixed at the other, we have the following 
weU-loKiwn equations: 

where / » fibre stress at fixed end. 
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If the ooluinn be fijEed at both ^ds, we have 

P = — ^.orA - (Bq,411 

and / - or A - ; [Eq. 42] 

where / = fibre stross at oithor onrl. 

It is evident tiiat the length of stnirture that can be tied together 
will depend upon the lengths and widtha of the colunms, and upon the 
fixity of the eods thereof. The columns are usually fixed at l)oth eoda, 
hinges bemg used only when theur omissiQii would cause the stresses to 
run unduly high* 

Oocaaonally transverse bracing cannot be earned down dose to the 
ground hi viaduct bents. In this case the bases will be made fixed tmns- 
versely, and if the columns are far apart, the bending stresses transversely 
due to temperature variation may be of importance. They can be cal- 
culated by the formulae given above. 

In hingeless and two-hinged arches the temperature strcB S OS are al- 
ways of considerable importance; and if the rise of the arch is small, they 
may be very liigh. There i.^ another iiii})()rtant effect thereof uiH)n both 
arcluis and suspension bridges, viz., that variations of temporal un^ cause 
such a span to i It fleet, in the long-span East lliver bridges such deflec- 
tions are quite lar^o. 

Ther(» is still another effert, osppri.'illy in throuch bridges, viz., th.at 
the -un frecjuentl}' heats the top chord much more rapidlj' than the bot- 
tom chord, which is protected by the floor. This effect causes an upward 
deflection for a simple epBui, and a downward one for a cantilever. It is 
of importance in a swing bridge, as it lowers the ends of. the span when 
swinging, thus making it necessary to provide greater movement in the 
end-iiftmg machinery. 

In solid concrete structures expandon sets \xp compressive stresses, 
which are of no importance. Contraction, however, sets up tensile stresses 
which will usually crack the concrete at intervals. To prevent this, ex- 
pansion joints should be introduced not more than fifty (50) feet apart. 

The temperature effects on reinforced concrete are peculiar, on ac- 
count of its composite nature. The coefficients of expansion for concrete 
and steel an* alnnit ecpial, being 0.0000065 for steel and 0.000006 for con- 
crete. Hence, if any n informed concrd* ^nurture be free to ex])and or 
contract, no stresses of an\ importance will Im' (Icvc^lopeil. If the ends 
of a structure are restraintnl, and thv tcniporuture rises, lx)th the st^rl 
and the eonrrote will be in compression, and no harm will result; but 
wlicn a tail ul temix-raturf* occurs, both \\\r st< < l and the concrete^ are 
in tension, which for a hfty (.^)0) dT'gree fall will far excetnl the tensile 
strength of the simple concrete. The primary tendiuicy wiU be to open 
up a few large cracks; but if the reinforcing steel is strong enough to 
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break the concrete at any section before the elastic limit of the metal is 
reached, it will cause the said concrete to separate in many small cracks 
lather than in a few large once. It will be found that this condition will 
require steel amounting in sectional area to more than one>half of one 
per cent of that of the concrete. Where steel over this amount is used, 
which is generally the ca^e, there is no danger of any large crack occurring. 

Indeterminate Stresses 

By the term " indctvrminato strcssrs" is iiicinit those stresses the 
exact analysis of which is impossible by the principles of statics, but 
which require for their solution in any structure the considmition of the 
elastic properties of the materials which enter into its construction. The 
causes of indeterminate stresses may be divided into three classes, via.: 

1. Redundant members. 

2. Redundant reactions. 

3. Redundant bending strength. 

As an example of the first class, there may be cited a sunply supported, 
multiple intersection truss. The two-hinged arch may be taken as repre- 
sentative of either the first or the second class. Its indeterminateness 

may be removed by the omission of one of the chord members, in which 
case it becomc^s a three-hinged areh^ or l)v the lussumption that the abut- 
ments can take vertical reactions only, in wiiich cju<e it becomes :i sijnple 
truss. A continuous girder may l>e considered to fall under either ("lass 2 
or Class 3. By the removal of all but two reactions, it becomes a simple 
beam; while by considering its b<'Tidinfr stn'iigth at certain sections to 
be zero, the stresses also l)ecome determinate. 

It will be impossible in this chapter to give more than a brief discus- 
^on on the calculation of ind<>t(>nninate stresses in general. For a clear 
treatment of nearly all ca.ses which occur in ordinary practice, the reader 
is referred to ''Modem Framed Structures," Parts I and II; wliile in 
Molitor's "Kinetic Theoiy of Engineering Structures'' there will be found 
a very comprehensive treatment of all phases of the subject. The "sec- 
ondaiy stresses" alrea4y discussed in this chapter are, of course, inde- 
temunate stresses. 

The analysis of stresses in indeterminate structures differs in one im* 

portant feature from that in structures which can be analyzed by the 

principles of statics. In the latter type, the stresses from any |j;iven loads 
dpp< nd only on tlie loads and the oulUnes of the structure; while in the 
fomier kind, they depend also upon tlu' material and the cross-sections 
of the variou.s members. The analysis of indeterminate structures is, 
consequently, indirect, sxs the? sizes of its i)arts or the unit stresses therein 
must K)e aiisumed before the stres.ses in them can be calculated. It 
is, therefore, necessary to make a preliminars- design by an approximate 
method, and then figure by an exact method, revising the preliminaiy 
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se<'ti<in^5 a«? required, and finally refiguring by the exact method, if necessar>\ 
in the analysiB of indetenmiiate frameworkB, two general methods are 
used. 

1. The removal of a sufficient number of members or reactions to 

make the structure detennkatey and the caleulation of the 
effect of replacmg these members or reactions, 

2. The principle of least work. 

The first of these methods is the one generally employed, as it is usually 
the less laborious. Theoretieally, we may remove any members or reao» 
Hons which will leave the structure statically detenninate and stable; but 
practically much labor may be saved by a proper choice of the redundants 
to be removed. In general, they should be so chosen that the remaining: 
members will form a simple truss, rather than such a structure lus an 
arch; and it will usually be bettor to remove a redundant reaction rather 
than a redundant member. A thorough discussion on the choice of rcN- 
dundant conditions is to be found on page 202 of "Kinetic Theory of 
Engineering Structures." 

Aft4?r the choice of tlie redundant conditions has btM:*n made, the solu- 
tion can be worked out along the lines given in either of the texts above 
mentioned. The methods shown on pages 148 and 149 of " Modem Framed 
Structures,'' Part II, are very valuable labor saving devices, and should 
be thoroughly understood. 

The principle of least work wiU solve such problems from a different 
inew-point. This principle states that when any indeterminate structure 
Is loaded, the stresses will adjust themselves in such a manner that the 
internal work ci deformation of the structure will be a minimum; from 
which principle it follows that the partial derivative of the internal woric 
with r^erenoe to the stress in any redundant member is sero. While the 
method by the use of the principle of least woric is not generally used as 
much a-s the one given first, it is advisable that it bo clearly understood. 
It is treated in both of the texts before quoted, ami ;i i;ood discussiuii 
is also to be found in Church's "Mechanics of Internal Work." 

In the analysis of structures having reilundant bending strength at 
various sections, four metho<ls are availabh^: 

1. The (litTerential equation of the ela-iic line. 

2. The removal of a sufficient number of reactions to make the 

structure determinate, and the calculation of the effect of 
replacing these reactions. 

3. The cutting of the structure at various points, so that it becomes 

determinate, and the calculation of the effect of again 
making the structure continuous at the points where it has 
been cut. 

4. The principle of least work. 

The first of the above methods is the one generally applied to the «»!- 
eulation of stresses in continuous beams. The computation may be per- 
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formefl cither by the double integration of the differential equation, or 
by the area-moment method, both of which are explained in Chapter XII 
on " Deflect i()ii>." The TlKMircm of Three Moments, given in all standard 
text books, is derived by eitlicr of these methods, and can be applied to 
advantage in the solution of many problems. Attentioa might be called 
to the fact that if the moments of inertia of the various spans are unlike, 
the Theovem as usually stated is to be modified by replaeiiig each j in the 

I 

left-hand member of the equation by the oorrespondmg y, and each Porl^ 

in the right-hand member by the corresponding -j- or y. This equation 

is presented in a very general form In an article by J. P. J. l^Hlliams, 
Esq., C j;., in Vol. LXXVI of the Trans. A. S. C. entitled "The The- 
orem of Tbree Moments/' Thb paper and the accompanying discussion 
by Ftof. Milo S. Eetchum are valuable not only for the tcm of the Theo- 
rem of Three Moments there given, but also on account of the treat- 
i!i«Mt of the subject of continuous beams in general. An e<}uation 
which has a wider application than the Theorem of Three Moments, and 
which may be called the Theorem of Four ^Iouk nts, is derived in a paper 
by E. F. Jolmson, Esq., C.E., in Vol. LV of the Trans. A. S. C. E., en- 
titled "The Theory of Frameworks with Rectangular Panels, and Its 
Application to Buildings "WTiich Have to Kesist Wind." Tt dilTcrs from 
the Theorem of Three INbiments in tiiat it provides for an external mo- 
ment at any support, and can, therefore, be applied to the analysis of 
bents two <» more stories in height wliich have no diagonals to take care, 
of transverse loads, but which must depend on the stifTness of the columns 
and croBs-girders Of crosB-struts. The Theorem of Three Moments will 
not apply in this case, as there are three or more stiff members meeting 
at a point. Anothw convenient lype of equation for such cases is one 
irbkik expresses the moments at the ends of any one span of a oontinuous 
beam hi tenns of the loads, dimensians, and distortions ol that span only. 
Hie fundamental equation for the solution of secondary stresses, Equa- 
tion 1 of this chapter, is of this t^-pe, as are also the equations used herein 
for the calculation of stresses due to eccentricity and to transverse loads 
on a member. In these equations, the end moments are expressed in 
tenuis of the angles made by the end lung(>nts of the beam with the straight 
line joining the ends thereof. These various equations can frequently 
Ixj used to advantage in the analysis of stresses in continuous beams in 
general. In many cases, it will be more convenient to ( niploy insteatl 
the angles between the end tanpents and the original direction of the 
beam, taking into account also the movements of the tw^o ends of the 
beam from their original position. This form of equation was proposed 
many years ago by Prof. Mohr, and wa- np]>1ir(] by him to the calculation 
of the seoondary stresses in trusses. Prof. Mohr's equation is given in 
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the befcH'Mieiitioned article by Kuns in Engineering News of October 
5, 1911, entitled ''Secondary Stresses," and also in Grimm's book, "Sec- 
ondary Stnvssps in Hri(lp;(' Trusses." In a J^iillotin of the University of 
Miimesota, issued in Mtireh. 11)15, this same equation is developed l>y 
(?. A. Maney, Ksq.. i\K., in the form in whieh it can !)<• most conveniently 
applied to c(mtinu(His beams; and it.s apphcati(ui to the desip;n of frame- 
works and to the calculation of secondary str(\ss(»s is also shown. The 
formuhu for the end moment may be stated thus for any l)eam 1—2 of 
length / and moment of inertia /, earr>'ing a uniform load of p per lineal 
unit, and a concentrated load P distant kl from the left end 1: 



in which 5\ = deflection perpi iidicular to line 1 2 at Point 1, 
d' = deiicction jXTpendicular to line 1-2 at Point 2, 

= angle between line 1-2 and end tangent at Point 1, 

^ = angle between line 1-2 and end tangent at Point 2, 

Ct = P (2k - 3Aj« + k*)l + 

Ml = moment in beam at left end 1, 
Mt = moment in beam at right end 2. 

In the ahove ex|)n'ssions. Mi and M: are to Im- consideretl as positive 
when tending to rotate the sup|)orts or the auljacent beuuij^ in a clockwi^se 



direction, 6i and Si as i)ositivc when measured downward, and ^ and 

axi 

dyt 



as positive when the end tangents have rotated in a eounter-eloek- 

wiHe direction. (If the beam should be vertical, it is necessary to assume 
arbitrarily some direction as upward — say the left side.) 

This formula can be applied very easily to continuous beams and 
frameworks of all kinds, Mnp, more general than either the Theorem 
Three Moments or tlie Theorem of I'onr Moments. It is especially valual)K» 
for structures in which there are tlu'ee or more stiff members meeting at 
a ]>oint. 

Fij;. 'Mu gives values of /,• - and 2 A- - .3 Ir -f k^. 
In Hulh'tin No. SO of the Kngineering Hxperinient Station of the Uni- 
verttity of lUiuoib there appeared an article entitled " Wind Stresses in 
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Steel Frames of Qffioe Buildings/' liy W. M. Wilaon, Esq., and G. A. 
Maney, Esq. It discusses some approximate and exact methods proposed 
by various writers, and gives exact methods based on equations practi- 
cally identical with Equations 43 and 44. It also contains diagrams which 

can be utilized fur the i)urpose of making api)rc>xiniate computations. 

The two-hinged areh rib is fr(»quently analyzed by the second m t h(Kl,the 
horizontal reactions bt'ing lirst aissumod to he removed and tlit n \ \h- eifect of 
replacing them Ix'ing figured. The third method is usually mloptwl for 
the iinalysis of tlie hingeless arch rib, th<' strticture being eonsidere<l as 
cut at the crown, and tlien the effect of again making the rib continuous 
bring computed. The fourth method is not often employed, on accomit 
ol the amount of work involved. For examples of the application of 
Methods 2 and 3 the reader is referred to Part II of "Modem Framed 
Structures." 

The use of statically indeterminate simple trusses is no longer coun- 
tenanced in the best American practice. Their employment mvolves a 
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Fia. lljr. Truas Dun^ram of a 29t>-foot, Singlt^lriuik-railway, Itiveted, Parker- 

triUM Span. 

'Ttain amount of ambiguity of stresses, and the labor tliev involve in 
j)rcpariiig a correct tlesign is verj' great. It will further l)e found almost 
inifxjssible to make all of the members work at economical unit stresses. 
When' the rigidity of the various syst(»ms by which loads can travel is 
al)out the same, this eliect is slight; but where one path is considerably 
Ir^s rigid than another, the imit stresses in its members will necessarily 
be low. If, therefore, the adoption of an indeterminate structiu^e be con- 
sidered advisable for any reason, every effort should be made to ensure 
that the various paths which the stresses take are, at least approximately, 
of equal rigidity. It should be further noted that where this equality 
of rigidities is secured, the loads can generally be assumed to be divided 
e(iu:dly between the various systems, and approximate calculations can 
he made which will be sufficiently accurate for designing purposes. For 
instance, the Whipple truss can be analyzed with very little error by 
a— liming each system to carry only the loads wliich eome at the panel 
l>oiiits of that system. It should also be pointed oiit that in structures 
of this nature tlu* nurnln'r of panels sliould be ji multiple of lour, each of 
the aybleiu^ being symmetrical about the ceutre uf the span; otherwise 
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Member 



1- 3 

5- 7 

7- C 

9-11 
11-13 

1- 2 
^ 4 
4-6 

6- 8 

8- 10 

10-12 



Soctioa 



1 ( ov. PI. 2.S"X^^' 

2 4"X4"XT 
2 ()"xr)"X^4" 

2 WebPla,26"X^4'' 

2W6bn^a6''xH" 

Gov. PI. and Z * afi fOT 1-8 

2 Web Pis. 26" XJ^" 
Gov. PI. and Z* as for 1-3 

2VVcbPls. 2f)"X}i" 
2 Wf'b Pis. 2{V' X • 2" • 
Gov. PI. and Z ^ as for 1-3 
4 Web PU. 26"Xtt" 
Same as for 1-3 
Same .xs for 1-3 

4 Z' 4"X4"X >^" 

2 Pis. 28" X^" 

Same as for 1-2 

As for 1-2 

2 Pb. 28" X A" 

As for 4-6 

2 PLs. 19H"XA" 

As for 1-2 

2 Pis. 28" XH" 

2 Pis i9^ 2"xy^* 

As for 1 2 

2 Pis. 28"Xfi" 

2P]a. 19WXH" 

4 Z* 4"X4"XH'' 

2 Pis. 2\'^X% 

4 Z' 4"X4"X>i" 
2Pl8.20"XA^ 

4 ZM"X4"XH" 
2 Pis. 20" X ' ii" 

4 Z' 4"X4"X'V 
2 Pis. 18"XV2" 
4 Z' 6"X4"XV2" 
4 Z' 6"X4"XH" 

4 Z' 6"X4 



4"XA" 
4"xk" 



4 Z' 4"X4"XH 
2 PLs. 20"Xi'4" 
4Z' 4"X4"XA" 

2Pta. 20"XM'* 

Same :us for G-7 

■4 Z^ 3H"X3H"X)8 
2PU. 1S"XA 



621" 

330' 
827" 



116.63 

87.88 
108.68 



324"! 113.38 

323" llf) 63 
323" 110.03 



/ 

7 



10^630 



20.2 



8,830 26.7 



823" 
323" 



67.00 
67.00 



328"' 88.60 

323" 103.50 



823" 116.00 



.9,700 

10,340 

10,5.30 i 
10,630 

6,280 
6^280 
7,840 

7,880 
8,420 



20.0 

31.9 

32.6 
32.0 

16.3 
16.3 
22.7 

24.4 
28.1 



I 



I 

to 



u.r 

14.1" 
14.1" 

14.1" 

14. r 



323" 


119.88 


8,580 


26.5 


14.1" 


521" 


67.70 


4,320 


8.3 


12.1" 


676" 


44.26 


2,490 


4.88 


10.1" 


617" 


35.00 


1,S90 


3 06 


10 1" 


mv 


33 00 


i.tno 


2 '2f 1 


9 1" 


330" 


19. (K) 


ISO 


0.55 


6.4" 


330" 


19.00 


ISO 


0.55 


6 4" 


408" 


21.24 


200 


0.49 


0 4" 


475" 


37.50 


1,970 


4.14 


10. 1" 


626" 


33.24 


1,760 


8.36 


10.1" 


r,.59" 


38.24 


1,760 


8.16 


10.1" 


676" 


25.67 


1,090 


1.80 


0.1" 



there will be a eonmdemble ambiguity of stress distribution, and, oonae- 
qoently, also an uneconomical use of metal in oertam members. 

An ordinary swing bridge is statically indeterminate when closed. 1 his 

is unavoidable. The approximate methods of njaction computation wliich 
are generally in \isf» for such structures pivc results that are perfectly safe 
in every way aud uut unduly waalefui uf metal. The exact stresiaes can 
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Foot, Single-Tkack-Kailwav, Hivetkd, Parker-Truss Span 



' 12.000 T 



Top Bottom: Dead 




PKtMAKY STRESSES- 



o22 392,000C 



461,000C 

5O2,00OC 

510.fx>or' 



634 519,0000' 



Live 



Impact 



224,00(K7 



Total 



593,0O0C' 220,(XX)C' l,2a^,000C' 



707,0O0C 262,000C 



771,000C 

TOS.OOOC' 
798,000C' 



245,0007' 375,0007* 
245,0007 375,000T 
384,0O0r 580,0007" 



286,O00C 

295,000r' 
296,00QC' 

139,0007 
130,0007 

2i5,ooor 



500,0007' 7G8,0007V2S4,OOO7' 



l,43O,000C 
1^,000C 

1 r)i2.ooor; 

1,612,00QC 

769,0007 
760,0007 

1,179,0007 

1,414,0007 



l,.>o2,0007j 
I9,000r 798,0007 295,0007' 1,612,0007 



213,0007|326,Q007jl21,0007' 
138»OOOT|212,0007'| 79,0007 



196 


84,0007 


129,0007 


48,0007' 

i 


170 


40,0007 


61,0007 


23,0007 


222 


0 


0 


0 


222 


0 


0 


t) 


188 


39,0007 


9o,(K)07 


35,0007 


255 


129,000C 


161,000C 


60,000C 


230 


• 

76,00OC 


81,000C 


30,000C 


217 


33,000C 


14,000C 


5,000C 


i» 


4,0007 


41,0007 


16,0007 



660,0007 
420,0007 

2() 1,0007 

124,0007 

0 
0 

169.0007 
3dO,00OC 

187,000C 
62,000C 

60,00071 



-0.182^ 

-0.152" 
-0.180" 

-0.148" 

-0 140" 
-0.148" 

+0.143" 
+0.143" 
+0.143" 

+0.144" 

+0.145" 

+0.143' 

+0.198" 
+0.186" 

+0.153" 

+0.081" 

0 

0 

+0.108" 
-0.148" 

-0.096" 
-0.029" 
+0.046" 



he calrulat^ by the methods previously (l(^srril)ecl heroin for the com- 
putation of strcss<»s in intle terminate frameworks, if desired; but ordi- 
narily this is not worth while. 

The hingc^less type of rib is occasionally adopted for steel arch bridges, 
and the two-hinged tj^ie very frequently. They are preferred by some 
eogioieem to the ataticaUy determinate three-hinged arch on account of 



L 
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Chapter XLL 



their superior rigidity. For a full comparison of the relative advantages 
and disadvantages of the various t3'pes of arches, see Chapter XXVI. 

Continuous trusses and girders, other than those for swing spans, ar^ 
rarely used iu American practice, on account, very largely, of the effect; 




Fko. llh. WUliott Diaffnin for a 296-foot, Single-track-rulway, Riveted, Pttrfceiw 

tniBsSpaii. 



of a possible jrielding of the supports. Their economy is cither small or 
nil when due provision is made for uncertainties; and the labor required 
for their design b very great. 

The stiffening trusses of suspension bridges involve indeterminate 

TABLE lU 

VaLD£S of 6lt d, &t AND ^ FOR A 29(>-i''uOT, SinULK-ThACK- RAILWAY, lilV£TED, pARKfiR* 

Tritss Span 



Member 



Bl 



1-3 1.51 

5 1 01 

7 0.7U 

7-9 0 52 

-1 

11 13 0 00 

' 0.00 

1- 2 1 1 10 

2- 1 1 0 77 

4- G 0.*$5 

6- S 0 60 

S 10 0 'J') 

10 VI I 0.<X) 

1_'H» 0.00 

:t- 4 1 i(» 

0 0 OS 

7- S 0.72 

»-10 0.38 

11 14 0 10 

10-14 O.OS 

2-3 0.02 

4-5 O.S^l 

tt- 7 0 07 

H- 9 0 .43 

10-11 0.15 



20.0 
30 (•> 
•24 2 
•16.1 
• O.a 
0 () 
0 () 
30 0 
■23.S 
'20.3 
•18 6 
■ 0 0 
0.0 i 
0 0 
■22 3 



17 
11 
5 

3 

o 

22 
17.7 



- 12 7 

- 7.7 

- 2.6 



Point 



1 

.3 
.'i 
7 
0 
11 
13 



4 
6 

S 
10 



1 



14 



Value 



-33.0 

-20. S 
-27.4 
-20.1 

-11.3 

- 3.2 
-1- 3 2 



Points 
1.4.8. VI 



-30 
-2o. 
-22 
-13 

- 4 
+ 4, 



0.0 



• • • • • 



-4.0 



2, 6, 10 



+3.9 


+0.5 


-12 


-0 0 


+ 1.3 


+3.9 


+4.8 


-3 8 


-4.8 


+4 .'i 


• • » t • 


-4.5 


+4.5 




-2.7 




• • • ■ • 


-5.4 


-2.1 




• » * • « 


+1.4 




-2 1 




-7 0 


-7^3 








-ti.i 


• • • • • 


• • » • * 


-1.9 



•7.5 

•6!2 

■7^3 
•7!4 

■ • « • 

•0.6 



Points 


Points 


3. 7, 11 


5.9. 13.14 


-0.8 




+0.S 


+ 3 2 


+4.1 


- 3 2 


-4.0 


+ 4.8 


+3 3 


- 4.8 


-3.2 




a • « • « 


+ 3.2 






10.4 




6.4 


+ 


3 0 


+ 


2.4 




9.7 




3.6 
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TABLB 11/ 

SumiATioiiB OF Moments and Trial Valt ks of T's for a 20<VFoot, Singlb^Tback- 

Railway, Riveted, rAHKEK-TKUss Span 





Fxnrr Tual Values 


SmxKD Tkial. Valubs 


Tuuu> TmtAL Vai. 


Point 


Tim. + 

1 H Tmn 


.4 Tmn) 


Correo- 

1 tion 


Trnrn + 

' Tmn 


4 Tmn) 


Correc- 
tion 


Tnm + 

4 Tmn 


} 2 Tmn) 


1 


+ 7.2 
- 4.4 


+117 
* 80 


« * • • 

•fl2 


+ 5.7 
~ 4.0 


+ 93 
- 00 


... 


+ 6.0 
- 4.7 


+ 96 
- 06 






+ 28 


+40 




— 6 


• * • 




+ 1 














2 


+ 8.5 
- 7.2 
-11.6 


+ 138 
-117 
- 6 


- 9 
+16 1 

0 1 


+ 7.2 
- 6.9 
-11.6 


+118 
-113 
- 6 


+1 

• • « 

• • • 


+ 7.3 
- 6.9 
-11.6 


+ 110 
-113 
- .6 




2 


+ 16 


+22 




- 1 






0 
















3 


- 2.8 
+ 2.4 

- 8.9 
-11.8 


- 67 
+ 64 

- 74 

- 6 


» • • • 

+ 8 

• • • « 


- 2.1 
' + 3.8 

- 6.6 
-10.4 


- 42 
+ 102 

- 66 

- 5 


• • • 

+2 

» • « 

• • • 


- 2.1 
+ 3.8 
1- 6.6 
-10.4 


- 42 
+ 102 

- 66 

- 5 




X 


- 73 


-66 




0 


+2 




0 














4 


- 4.5 
+ 3.3 

- 6.6 
-1^.1 


- 7.:; 

+ 75 

- 54 

- 80 


• • • • 

• • • • 

• • • • 

• « » • 


- 2.9 
+ 5.2 

- 3.8 
-10.0 


- 47 
+ 118 

- 32 

- 41 


• • • 

• • 

• « • 

• • • 


- 2.9 
+ 5.2 

- 3.8 
-10.0 


- 47 
+118 

- 32 

- 41 




2 


-102 




• ••••• 

• a • • • • 


- 2 






- 2 




■ « * » 










6 


+ 3.6 
- 1.2 
-13.1 
-13.4 


+ 06 

- 36 

- 56 

- 66 


+ 10 
+11 

• • • • 

+ 4 


+ 4.5 
- 0.5 
-12.9 
-12.0 


+120 

- 15 

- 55 , 
-40| 


• « • 

::: 


+ 4.5 
- 0.6 
-12.9 
-12.0 


+ 120 

- 18 

- 66 

- 40 




£ 


- 51 


-20 




+ 1 


— 2 




- 2 
















6 


+ 4.6 
- 1.4 
-10.6 
-13.4 


+ 105 

- 34 

- 46 

- 45 


+23 
+ 8 
+ 1 
+ 1 


+ 5.4 
- 1.3 
I -10.6 
-18.3 


+ 122 

- 32 

- 45 

- 45 


::: I 


+ 5.4 
- 1.3 
-10.6 
-13.4 


+ 122 

- 32 

- 45 

- 40 




2 


- 20 


+13 




0 






- 1 


7 


+ 2 5 

- 1.6 

- 9.6 
-12.2 


+ <5 

- 51 

- 29 
-42| 


• • • • 

• • • • 

+ 1 

• » • • 


+ 3.4 

- 0.7 

- 8.4 
-11.7 


+ 102 

- 22 

- 26 

- 40 




1+ 3.2 
, - 0.9 
j- 8.6 
|-11.8 


+ 96 

- 29 

- 27 
40 




£ 


- 47 


-46 




+ 14 






0 












8 


' + 2.0 
i- 2.6 

- 8.3 

- 7.9 


+ 71 

- 68 

- 20 

- 25 


• • » • 

• • • • 

• • # • 

• • • • 


+ 3.5 

- 1.8 

- 5.2 

- 7.0 


+ 86 

- 48 

- 18 

- 22 




+ 3.5 

- 1.8 

- 5.2 

- 7.0 


+ 86 

- 48 

- 16 

- 22 




2 


- 42 






0 






0 
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TABLE llf— Continued 



Point 


1 FiBST Trial Values 


Sbcond Trlil Valims 


Third Trlil Val. 


; Tnm + 
H Tmm 


|7-(Tiw«+' Corrws 


Tnm + 
Tmn 

' 4- 3 .6 

- 2.5 

- 4.2 

- 5.8 


]<Tmm-\- 


CoiTPC- 

tion 


1 ^Tmm 


H Tmm) 


1 


+ 2.8 

- 3.2 

- 4.7 
, - 6.7 


+ 89 
-104 

- 11 

- 21 


4-11 

+ 'i 


+ 115 

- 82 

- 10 

- 19 


-3 
41 


1 

4- 3 .5 

- 2.5 

- 4.2 
j - 5.8 


+ 112 

- 82 

- 10 

- 19 


- 47 


-35 




+ 4 




+ 1 




10 


+ 2 1 

- 2.3 

- 13 

- 0.9 

- 2.2 


4- 55 

- 61 

- 3 

- 0 

- 4 


+ 9 

+ "i 


+ 2.5 

- 2 3 

- 10 

- 0 9 

- 2.0 


4- 65 

- 61 

- 2 
0 

- 4 




-1- 2.5 

- 2.3 

- 1.0 

- 0.9 

- 2.0 


+ 65 

- 61 

- 2 
0 

- 4 


- 13 


- 3 




- 2 




- 2 






11 


, + 0.9 
' - 1.6 
+ 1.3 

IK 

Z 


4- 29 

- 52 

+ 1 

- 3 


4- 8 

• • • • 


-f 1.5 
- 15 
+ 16 


+ 49 
- 49 
4- 1 

9 


• • • 

• • • 1 


+ 1.5 
- 1.5 
4- 16 

19 


+ 49 
- 49 
+ 1 

9 




- 25 


-17 




- 1 




- 1 






14 


+ 2.9 
+ 1.4 

- 2.9 

- 1.4 

S 


+ 1 

- 1 

- 1 
+ 1 




-f 3 .0 
+ 1.4 

- 3.0 

- 1.4 


4- 1 
4- 1 

- 1 

- 1 


• • • 

• • • 


+ 3 0 
+ 1.4 

- 3 0 

- 1.4 


+ 1 
+ 1 

- 1 

- 1 


0 




0 




0 





streaees; and this is absoiiitrly unavoidable, as is oxplainod at length 
in Chapt4?r XXMI. 

The use of hingoloss arches, continuous girders, and oihvr indet(Tmi- 
nate tj'pes of structures is very common in reinforced-concrote bridgewori^. 
Since this class of construction, generally syieaking, is best built mono- 
lithic, such continuity is necessary. Methotls of designing for various 
indeterminate forms will be found in ChaptiT "XXW'II. 

There are a great many tj^x^s of steel eoiLstruetion in which the stresses 
are strictly indeterminate, although they are never considered to be so. 
For instance, every plate girder with rivetetl end comiections is more or 
le« fixed at the ends, but this continuity is gencTully tlisregarded. The 
figured sections for the girder itself are, eonsecjuently, on the safe side; 
and as for most t>'pes of structures experience has shown that the end 
momenta do no harm, there is no reason for making any extended analysis 
of their effects. Lateral systems are generally made of double intxTsec- 
tion, and when stiff members are employed throughout, the stres.ses in 
the two systems are usually assumed to be the same; and as their rigid- 
ities are equal, the results are very nearly correct. \\Tien the diagonals 
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TABLE 



Sboomdabt Sisaaaw ur m Mmoms or a 200-Foqt, 





















Fint Trial 






lat Triia 


Sod Thai 


3rd Trial 










Top 


Bottom 


1- 3 

6- 7 

7- 9' 

< 

11-13 ^ 




1 

3 

^ 1 
ft 

5 ' 
7 1 

7 i 

9 1 

13 ' 


- 4.4 

- 2 8 
+ 2.4 
+ 3.0 

- 1.2 
+ 2.5 

- 1.6 
+ 2.8 

- 3.2 
+ 0.9 

- 1.6 
+ 1.0 


- 4.9 

- 2 1 
+ 3.8 
+ 4.5 

- 0 5 
+ 3.4 

- 0.7 
+ 3.6 

- 2.5 
+ 1.5 

- 1.5 
+ 1.6 


- 4.7 

- 2 1 
+ 3.8 
+ 4.5 

- 0.6 
+ 3.2 

- 0.9 
+ 3.5 

- 2 5 
+ 1.5 

- 1.6 
4- 1.6 


1,270C 

1,640(7 
550r 

i,i5or 

740C 
1,300C 
1 l,490r 

42or 

750C 
760C 


92or ' 

1,2600' 


,-2^ 
2- 4 
4-6, 
6- 8- 
8-101 
10-12 


r 
I 

I 


2 
2 
4 

4 

i> > 
6 

8 1 
8 I 
10 

10 ! 

12 

1 


4- 7.2 
+ 8.5 

- 7.2 

- 4.5 
4- 3 .3 
+ 4.6 

- 14 
+ 20 

- 2.6 
+ 2.1 

- 2.3 
+ 2.3 


4- 6.7 

+ 7.2 

- 6.9 

- 2 9 
+ £.2 
+ 5.4 

- 1.3 
+ 3.5 

- 1.8 
+ 2.5 

- 2.3 
+ 2.3 


+ 5.0 
+ 7.3 

- 6.9 

- 2.9 
+ 5.2 
+ 5.4 

- 1.3 
+ 3.5 

- 1.8 
+ 2.6 

- 2.3 
+ 2.3 


3,780r 

2,360r 
l,730r 


4,4607' 1 
3,780r 

2,420r 
7407' 

i,.^r 1 

l,360r 1 

i,ioor 1 
i,2ior 1 
i,2ior 


5- 6 ' 
7-8i 

•-10 

11-14 
10-14 


r 

• 

■ 


3 ( 

4 1 
5 

t> 
7 
8 

9 

10 i 

11 ' 
14 

10 
14 


- 8.9 

- 6.5 
-13 1 
-10.6 

- 9.6 

- 6.8 

- 4.7 

- 1.3 
+ 1.3 
+ 2 9 

- 0.9 
-1-14 


- 6.6 

- 3.8 
-12.9 
-10.6 

- 8.4 

- 6.2 

- 4 2 

- 1.0 
+ 1.6 
4 :i 0 

- 0.9 
-4-14 


- 6.6 

- 3.8 
-12.9 

- 10 »•) 

- 8.6 

- 6.2 

- 4.2 

- 1.0 
+ 1.6 
+ 3 0 

- 0.9 
4-14 


! 1,8207* 
2,230r 

l,240r 

2207' 
290r 


2,490r 
2,760r 
l,860r 
SOOT 

6'»or 
ioor 
3ior 


2-3^ 

6- 7< 
8- 1» ■ 
10-11^ 


• 


2 
3 

4 

5 1 

6 1 

7 1 

8 1 

9 ! 
10 

11 


-11.6 
-11.3 

-12.1 
-13.4 
-13.4 
-12 2 

- 7.9 

- 6.7 

- 2.2 

- 1.6 


-11.6 
-10.4 

-10 0 
-12.0 
-13.3 
-11.7 

- 7.0 

- 5.8 

- 2 0 

- 1.2 


-11.6 
-10.4 

-10.0 
-12.0 
-13.4 
-11.8 

- 7.0 

- 5.8 

- 2.0 

- 1.2 


2,130r 
3,000C 

3,090C 

1,710C 

420C 


2,180r 

3,420C' 
2310C 

1,460C 

280C . 

1 
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llg 

Sdmilb-Tback-Railwat, SnmBD, PABODi-TKrai Sfak 



Sbdondaky Unit 5Itrbrs | 


MAXUfUM 

Phmabt 8IMM 


j Second 'y 
Stren 

' in per 
Cent of 
Prijuury 


SMoad Trial 


Third Trml 






Top 






nut 


2,050r 
270C 
1|660C 

1.670C' 
1,160C 
700C 

7oor 
7m' 

3,ooor 
i^2or 

2,7307* 

2/230r 

i,o2or 

1707* 

2,5506' 
3,060(7 
1,520C 
3bOC 


eeoc 

1,990C 

3»780r 
3,6207* 

233or 

68or 

1,8407' 

95or 
1,31 or 
1,21 or 
i,2ior 

I,850r 
2,7107* 
1,0607* 

7207* 

670r 
2007* 

3ior 
2,iaor 

3,060(7 

2,6eoc 

1,260C 

230C 


1,350c 

2,050C 
270C 

1,470C 
4200 

1,6*20C 

1,160^:' 
700C 
700C 
700C 

3,ioor 

l,520r 
2,730r 

ijmr 

2,23i)T 

ijmr 

1707 
amri 

l,960r 
2,660C 

3,060C 

1,520C 
380C 

• 


C90C 
1,900C 

3,8307 
3,6207 

2,830r 

f)Sor , 

l,H40r 

95or 
i,3ior 
1,21 or 
i,2ior 

i,85or 

2,7107 
1,6007 
7207 

67or 
2oor 1 

3107 
2,1807 

3,060C 1 
2,720C 
1,260C ) 

236c 1 


\ 1,226,060(7 

1 1,205,0U0C' 
ll,43(),O0OC 
1 l,559,0OOC 
1 1,612,000C 
1 1,612,000C 

> 769,0007 

> 759,0007 
j 1,179,0007 
\ 1,414,0007 
1 l,552,U0U'i' 
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1 306»0007 
1 225,0007 
1 225,0007 

1 250,0007' 

> 445,000c 

> 326,0OOC 
\ 23e,000C 
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13,790C 
18,800C 
13,730C 
13,830C 
13,830C 

18,3307 
13,3307 
13,3207 
18,4007 
13,4907 
18,4407 

12,2707* 
11,7407 

ll,280r 
9,2407' 
ll,840r 
11,8407 

12,0407 
11,860C 
9,800C 
7,190C 
6,430C 


1 

1 ' 

• 
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f 12.9 
I 6.6 
f 14.4 
1 14.9 
\ 2.0 
I 10.7 

r 3.1 
11.8 

' S.4 
1 5.1 

r 5.1 
I 5.1 

r 23.3 
128.7 

[27,2 
1 11.4 
(20.5 
1 21.3 
f 5.1 
1 13.7 

r 7.0 
1 9.7 
f 9.0 
I 9.0 

r 15.1 

1 S,7 
[23.1 
1 19.0 
( 15.0 
1 9.0 
1 7.8 
1 1.8 
1 1.7 
2.6 
3.0 
t 6.7 

f 18.1 
I 16.3 
[21.5 
125.8 
[31.4 
L 27.8 
[21.3 
1 17.6 
[ 6.9 • 
L 3.6 
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are tension members onlj^ all of the stress is a^sumod to be carried by 
the system the diiigonabj of which are in tension. This a.s.sumption is, of 
course, on the safe side. Again, in many cases transverse loads can travel 
to the ends by two different routes. For instance, a transverse load on 
the toj) chord of a through span may pass to the end of the chord through 
the top laterals, and then down the end posts; or it may go through the 
transverse bracing down to the bottom chorda, and thence through the 



Flo. lij* Seooodary-^tnm Diagram of a 296-foot, SiiigMnck-nihrigr, Bivelady 

Parker-tniBB Span. 

lower lateral system to the ends of the span. In such cases a rough es- 
timate of the relative rigidities of the different systems must be made 
to serve as a guide to one's judgment in deciding upon the diviaioii of 
loading to be assumed for the design of the various parts. 

In oonolusioii it might be stated that the best way to take eare of 
indetenmnate sU 'i wbcs is to avoid them entirely by so designing one's 
structures as to cut out redundant members and fay ever bearing in nund 
the fundamental principle tiiat ''Simplidty is one of the hig^Mst attributes 
of good designing/* * 
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It is v«sy Important that the bridge en^neer htm a clear miderstaad- 
ing m regard to the fundamentalB of the theoiy of the deformatioius in 
itiuctores, not merely in order to be able to compute deflections, but also 
because the general principles thereof form the basis for the analysis of 
statically indeterminate structures of all lands. It is occasionally neces- 
san' to build such structures in st<'cl, and quite frffjucntly in reinforced 
concrete, although they should be avoided wiitneviT i)racticable; and 
furthermore, indeterminate conditions are frf»quently met with in the de- 
5ien of minor parts of ordinary bridges. If the engineer's knowledge of 
thel^hasic law^ of deflections is superficial, the computation of a problem 
of such a nature may be quite difficult and fre(|uently unnecessarily te- 
dious; and the results are always likely to be seriously in error. But if 
he have a clear grasp of the subject, the solution will be comparatively 
easy and the results dependable. 

Most <^ the important contributions to the theory of deflections have 
ooDe from European writers, especially German; consequently a thor- 
ough study ci the question can best be made in the technical literature 
of that language. The most complete treatment of all phases of the 
subject that the author has yet seen in any American work is that given 

D. A. MoUtor, Esq., C.E., in his book entitled "Kinetic Theory of 
Enpneering Structures." The most satisfactory' presentation, for the di- 
rect use of the busy engineer, is probably that given in ^'Modern Framed 
Structures," Parts I and II, l)y Johnson, Br>'an, and Tumeaure. While 
no attempt is made in the latter work to treat fully all of the theonr' which 
lias Ix'en evolved, nevertheless it covers practicall}'' everything that is 
nml«Yl in any ordinary problem; and all formulre are put in a shape 
^ell suited for direct use. Hudson's book entitled "Deflections and 
^taticaliy Indeterminate Stresses" also gives a very good treatment of 
the entire subject, showing the application of various methods to a mmi- 

of practical escamples. There might also be mentioned several other 
books which discuss the matter in a manner quite satisfactory. All ref- 
cnnoes made in this chapter to ''Modem Framed Structures/' Part II, 
mfy to the 1910 edition. 

It is b^ond the scope of this chapter to enter into any extended dis- 
CttBon of the theory of deflections, the reader being referred concerning 
It to the text-books above mentioned. However, the practical methods 
d calculating deflections in beams and trusses will be brietiy explained. 
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Deflections in structvires are the result of changes in the lengths of 
various portions thereof, caused usually by stresses or variations of tem- 
perature in the said portions. Tlie engineer is also called upon to com- 
pute what are known as inelastic deflections, due to such causes as play 
in pin-holes, or shop errors in the lengths of members. The deflection of 
any structure because of certain changes of length in the various portions 
thereof is the same no matter what the causes which t»oduoe these changes 
nuy be. Thus, if one member of a truss should elongate by one-quarter 
of an inch, the resulting deflections of the dififerent panel points are the 
same, no matter whether the cause of the dongation of the member is a 
tensile stress, a rise m temperature, play in the pin-holes, the adjustment 
of a toggle or tum-buckle, or a shop error which resulted in the member 
being fabricated one-quarter of an inch too long. This important fact 
should be cleiirl>' understood and kept in mind. Formula^ for the deflec- 
tions of structures will fr(^quently be expressed in terms of streases or 
changes of temperature existing therein; hut it must be rememlx^red that 
these quantities appear merely in order to express the changes in length 
caused thereby. 

It is unnecessan,' to explain how to ciilcuhitr ihv change in length 
of any straight member due to direct stress or a change of temperature. 
Attention might be called to the fact that a bending moment or trans- 
verse shear on such a member will not cause the length of its ans to vary. 

The deflection of a straight beam due to bending moment may be 
calculated by any one of the three following methods: 

1. By the double integration of the differential equation oi the 

ela.stic Hue. 

2. By moans <»f (xiuations drrived from the laws crf work. 

3. By the area-moment method. 

The first ut these methods is pres^ited in all text-books on the sub- 
ject, as it is the one first developed, and is the most general in it.s appli- 
cation. While any extended discussion of it is unnecessary here, it mifz;ht 
be well to call attention to the exact meaning of certain of the i^ymbols 
used therein. 

The expression ^which is equal to ^ j is the curvature or the 

rafe of angular bending of the beam, or the change in the direction of 
its axis per lineal unit. When multiplied by dx, it expresBes tibe amtmnt 

of anguhir bending in the length dx; and when the quantity —p is in- 

tegrated for a given lengt.li of the b(\am, the summing of the amounts of 
bending for all of the small lengths dx gives the amoufU of bending in the 
said length of the beam, which amount is equal to the angle (in radians) 
between the tangents to the axis of the beam at the extremities of the 
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mad Uogfik, If the rale of bending is known in tenos of any other quan- 

M 

iitioB, it can be maerted in deflection equations in place of Thueif 

the unit stresses fi and Jt in the extreme fibers of a beam and its depth 

d are kno>wn, ^ can be replaced by - K In this expreBsioii, /i and ft 

cury their own signs, unit tensile stresses being fpvon one sign, and unit 
compresshre strokes the other. If the values of E for the two faces of 
the beam be different, as in the case of a reinf<nt»d-oonorete beam, the 

corresponding expression would be — 

The quantity or the slope of the axis of the beam, represents the 

rate at which the deflection of the beaiii (•h;in^:inpc at any given point. 
When multipUed by dXj it expresses the amautU of change in the defection 

in passing akmg the length dx; and when the quantity ^dx'm integrated 

over a given length of the beam, the summing of the changes in deflection 
in all of the small lengths dx ccivrs the difTerence between the deflections 
of the two points at the extremities €i the said length. 

In integrating to find the slope or deflection at various points, it is 
customaiy to introduce certain "constants of integration,'* without ex- 
jMning their meanings. The constant used in performing the first in- 
tegration to get the value of the slope ^or at any point is the slope 

at ttio |X)int from which the integration begins; and the constant intro- 
duced in making the second integration to find the defleetion at any 
point is the dellccf ion at the point where that intt'gration commences. 
Thus if at a given point in a beam the abscissa be Xi, the slope of the axis 

lie and the deflection be yu the slope at any point the abscissa of wiiich 
dxi 

is X will be given by the expression, 

and the deflectkn y at tiiis same point by the equation, 

When convenient, the point first mentioned should be taken as the orig^ 
of coordinates, so that a^i « 0; and the above equations then become 
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The first method is generally much longer than either the second or 
the third, and should rarely be used when the defleotion of but oofi point 
of a beam is desired. When the deflections of many pointo ai6 Bougbt, 
it may sometimeB be the best method to employ. 

The second method makee use of the equation, 

In this formula S is the deflection at a given p(drU of the beam; E is the 
coefficient of elasticity of the material in the beam; and M, and / are, 
respectively, the simultaneous values, at any point in the beam, of the 
moment due to external loads, the moment due to a load of unity acting 
at the point i^iere the deflection is desired and in the direction in whidi 
the deflection la to be found, and the moment of inertia of the beam. 
The left-hand member eaprases the external work done by the unit load 



in moving a distance 5. In the rii^t-hand member the expn 



Mdx 



ffvm the amount the beam bends in the loigth dx; and when multiplied 
fay m (the moment produced by the unit load), the result is the faiteraal 
woriL perfonned the unit load in the portion of the beam da in length, 
because the product of a moment into the angle in radians thvouglh wiiich 
it turns is the amount of the work done by the said moment.. On aum- 

mmg' the products ^^^^ for the entire beam, there is obtained the total 

internal woik performed by the unit load in the beam, winch is, of course, 
equal to the external mak of the said unit load. 

There is no relationship between the quantities M and m, ao that 
we can figure m in any manner we choose, no matter what may be the 

actual end conditions of the beam. Ordinarily, it will be beet to assume 
the beAm simply supported at both ends, unless a cantilever beam is 
under consideration, in which case it will be simplest to take it as a can- 
tilever. In figuring the ileflection at the load point of a beam which is 
fixed at one or both ends and carries a single concentrated load, it w\\\ 
give the easiest solution to consider the beam to have these same end 
conditions when computing the values of in. Tf the beam should he 
continuous over the supports, and if the values of m should Ik" calculated 
on this assumption, the right-hand member must either be summed for 
all of the spans, or else be summed for the one span only and the result 
increased (algebraically) by the product of the value of m at each end of 
the span b\' the an^e tiurough which the said end turns. Figuring m 
as though the beam wm simp^ supported makes its values at the enda 
thereof sero, so that the labor of finding the work of the end moments 
is eliminated. If either support moves, the effect of such motion can be 
figured directly, or else the reaction on the support due to the unit load 
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«m be computed and multiplied by the amount of the movrmont, and 
tb€ result added (algebraically) to the right-hand member of the ecjuation. 

In applying Equation 5, the signs of M and m must be observed, 
and also the signs of the work perfonned by the end momenta or the 
end reactions. The product of the angle through which an end of the 
beam turns into the corresponding nt will be positive when m acta in the 
direction in which the said end lotatea; and the product of the reaction 
of the unit load into the movement of an end support will be positive 
when the reaction acts in the direction of the said movement. The mo> * 
ment m must represent the action of the beam on the supports or the 
adjoining spans, not the action of these on the beam; and the reaction 
employed must be the reaction of the beam on the support, not that of 
the supix)rt on the beam. If the said moment m and the n^action should 

taken to represent the action of the supportii or of \hv adjoining spans 
on the l)eam, the terms involving them would express external work done 
on the beam, and would have to be added to the left-hand member of 
iiquatiou 5. 

M 

As has been previously stated, the quaiitity ^ in Equation 5 may 

J!il 

be rejilacoil by any other expression representing the curvature or rate 
of bciKhng of the beam. 

It will be noted that Equation 5 is analogous both in derivation and 

tions of framed structures. 

If it should be desired to find tiie amount of rotation of a g^ven point 

of a beam, a eouple with a moment of unity can be placed at the said 
point, and Kcjuatiou 5 applied by changing 5 to a (the angle in radians 
through which the ]>oint turns), the values of m being those produced 
by the unit couple. This new e(|uation merely e<jiuites the external 
work of the unit couple in rotating through the angle a to the internal 
work performed thereby in the beam. 

The application of Ek|uation o to deflection problems is well illustrated 
in Hudson's ''DeflecUcHis and Statically Indeterminate Stresses"; and 
tht formula is also given in Part I of "Modem Framed Structures.'* 
It affords much easier solutions than the first method, and requires about 
the same amount of work as the third, except when in the hitter the results 
can be written out by inspection. 

The third method has been slighted by many American writers, who do 
not appear to have realixed its advantages. It is developed on page 3 
of "Modem Framed Structures/' Part II; and the principle from which 
it derives its name is explained on page 6 of the same volimie. As most 
engineers are accustomed to plotting moment diagrams rather than equi- 
libiioiii polygons, it is cuuveuieut to use the term the area of the moment 
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diagram as meaning tho prodiirt of tho Icnprth of tlio said diiigram in feet 
or inches by the avenige height thereof in loot-iwunds or inch-pounds, 
rather than the area of the equihbriuni i)()I\ gon. Referring to Fig. 12a, 
the two itaheized statements on page 0 of tiie text last referred t^ may 
then be written as follows, for beams with constant moment of inertia: 

The angular change between atu/ two paints is equal to the area qf the 
corresponding portion of the momnil 'liagrarn divided by El. 

The dtifiecUon €f a point B wUh r^erenw to a tangent at tome other point 




Flo. 12a. Afw^MooMiit Diagram. 



A ie eqwd to the moment about B cf the area Uie eorreeponding porOan 
el tAe mammA diagram divided hy EI, 

If the moment of inertia be variable, it will be more ooiivenient to plot 

Af 

as ordinates the values of rather than the values of Af, and then use 

the above laws in the following form: 

The angular change between any tuHt points ie egual to the area qf the 

corresponding portion of the — diagram, 

Jill 

The deflection of a point B wUh rtference to a tangetU at A is equal to 

M 

(he moment about B of the eorreeponding portion of the diagram. 
In some cases it mi^ be advisable to plot as ordinates the values of 

in which case the deflection can be found by the following rule: 

The deflection of a poitU B with reference to a tangent at A is equal to 

Mx 

the area of the corresponding portion of Uie — diagram. 



The fundamental equations of this method are: 

dx'^ " BP 



and 



dy Mdx 
dx J A EI' 



" Mxdx 
El ' 



[Eq. 61 
IEq.7l 

[Eq. 81 
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J in the last equatkm bdng measured f rcHn B as an Ofigiii, as shown in 

Fig. 12a. 

The area-UKMnent law can be expressed in a different form from that 
above presented, so that it will give the deflection of any point B of a 
beam with reference to the supports, rather than with reference to a 
tangient at some other point A, It wUl be noticed that instead of 
getting the deflection with reference to the tangent at il by means of the 
lawB as already stated, we could have arrived at the same result fay 
concaving the beam t9 be a cantilever supported at B and loaded with 
M 

the area of its ^ diagram, and then computing the moment at B due to 

this aoBumed loading. To get the deflection of the point B of the beam 
shown in Fig. 126 with reference to the supports, we can in like manner 




M 

EI 



Diagnm. 



conoove of the beam as being rimply supported at the ends and leaded 

M 

with the area of its ^ diagram, and then figure the moment at B due 

to this :i>snmprl loading, which gives the deflection at B. The principle 
of this un'thfxi may he stated thus: 

The deflection of anij point B of a beam with respect to Ua hm/)ports is 
0gml to the moment which would occur at B if the beam were conceived to be 

eimply mpported at the ends and loaded with the area of the ^ diagram. 

This law can be proved from Equation 5. In that equation m repre- 
sents the moment at any point C due to a unit load at B. But in a simply 
supported btain, ni will aUo equal the moment at B due to a unit load 

M.tndx M.dx 
at C, so that will represent the moment at B due to a load of *^ 

jf ' Mmdx 
- , therefore, represents tiie total 

Mdx 

at B due to the loads on each of the elemental lengths dx throughout 

the beam; and since the value of this expression is, by Equation 5," equal 
to the defleetion at B, the truth of the law above stated is establic 
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This second fonn of the area-moment law is the more general of the 
two, the first form being a special case thereof. The first form will give 
the shorter aolutkni whea the deflectkui of but one pdnt is sought, siiioe 

M 

the seoond foim requires the calculation of the ead reactions for the ^ 

loading; but the second form will usually be quicker when the deflections 
of several points are desured. 

M 

Afl has been piwvkNiBly pcmited oat» the quantity in any of the 

statements of the area-mament law can be replaced by any other eqnes- 
siom t wi w wMm tinc the curvature or rate of bending of the beam. 

The arespmoment method is the simplest of any for problems hi eitbor 
dsfleetkms or conturaous beams, it being firequent^ possible to write oat 
the results fay inspection. This is weU illustrated for deflectioii problems 
by the eiamples diown on paces 7 to 9 of "Modem Framed Structures," 
Tftut U; and its vahie for the solution of problems in eontinnous girdeni 
will be appreciated by comparmg the yery simple derivatioa of the the- 
oram of three moments given on pages 16-19 of the text just mentioned 



/ 


2 J 









Fia. 120. MoiMnt Diagram for a Simple Beam with s Ckinoeiitrated 



with its development by the first method, as expounded in several other 

works. Another good example of its use is to be found in a jmper by 

E. F. Jonson, Esq., C.E., in N'ol. L\' of the Trans. A. S. C. E. It can 

obviously be applied vory easily to cases in which the moment of inertia 

of the beam is not constant. It can also be utilized to great advantage 

in caaee in which exact integration is very difficult or impossible, by plot- 

M , Mx 
tbg to scale either the moment diagram, the ^ diagram, or the ^ 

diagram, and summing the areas by a plaouneter or in some other maimer. 
To illustrate the application <^ the <fifferent methods, let US find the 

deflection of a simple beam of constant moment of inertia under a con* 
centrated load placecl at any j^iven point. See Fig. 12c. 

The analysis by the douMe integration of the differential ecjuation of 
the elastic curve as is follows: 
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Coiuidering first the portkm 1-2, we have, taking 1 as the origb and 
1-2 as the axis ci x, 

dxt dxi 21 
, dui Ely, PaH> 

" ~ ef- 

OoDflideriiig now the poitum 2 — 3, we have, taking 2 as the origin and 
2 — 3 aa the axis of x, 

• VT^y jpfdy^ Pabx Pax^ 

^ 1M> Pcixt Paa^ 
" ^^dxt'^ 21 ^ I 21' 

d]j\ PaVfx Pabsfi Paa^^ 

.-.El v, = EIyt + El-^b + -^ + -^ --^-^ =0. 



Subetitutiug for El — ^ its vahie as found previously, we have 



— i1 
ixi 

^ + (7 ) - or + " 2T + TT - ^• 

...Ely,{—) ^^^—^a-^b). 

The anatysis by the equation derived from the laws of work is as 
f 6U0W8, uabg Equation 6. 

For the portion 1-2 we have, takmg the origin at 1, 

, bx 
and m- y. 
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Fot the portion 2-3 we hBve, aafawning the origm at 3, 



and 



ax 

T 



Mmdx _ J_ r Pb^ x^-dx I Pa^ 
Jo EI ~ EI Jo h A7 Jo 

" ^/ L 3 Z2 Jo + ^/ L 3 Jo 

■«V 8I» 3i« / 

" 3 £:/ z V / y 

3 V 

The analysis by the arearmoment methodi iiaiiig the first form, gives 
directly the deflections of Points 1 and 3 above a tangent through Point 2. 
Cailtng these deflections hi and we have, since the moment at Point 2 

. Pah 

Fob y y 2a Pa*h 
"^'•"iS//^ 2^ 3 ^ SEIV 

Now . + + 

Sib S^a 

"3i?/i»'^3J?/ I* 

Pa- b"- 
" 3 EI V 

The analysis by the area-moment method, using the second form, 
l^ves the deflection 3 directly. The reaction Ru due to the area of the 
moment diagram, is 

— >^ 2"^ 8l + ~^"l(^"*'f)T 
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Vie. then have 

Elb^RnoL- (luca 1-2) X -J =^ia-^X-|x| 
PaH) Pfl^y Pan 

• • * 3 AY 2 

Thr excpssivo arDoiint of work required by the first method is quite 
t^parent in thr j)rr(M (linjj ]m)l)lrm. 

Maxwell's law of reciprocal deflections can frequently be applied to 
advantage in the calculation of the deflections of beams. A very com- 
plete statement of this law is to be found in Molitor's ''Kinetic Theory 
<rf Engineermg Structures" (1910 edition), pages 27-29, but a simpkflr 
though less general statement thereof may be made thus: 

The ditplaeenunt in any gwm direction a* of any point a tjf a Hrue^ 
turep duo to a load P appUed ai some other point b in a diredion I/, ie 
e^pud to the dispktoment of the point bin (he direction oj b' which would 
be caueed by the applieation of the load P at the point a in the direction a\ 

As an example of the application of Maxwell's law, bup{X)8e that we 
wish to draw the influence line for the deflection of a given point of a 
beam due to a concentrated load moving across the 8pan< A load of 
imity is placed at the point in question, and the elastic curve of the Im^uui 
under this loading is detenniued by any of the uutiuxU i^rcviously de- 
scriln'd and plotted to any desired scale. The curve thus drawn will 
then be the desired influence line. 

The deflections of straight beams due to shear are small ?is compared 
with their deflections flue to bendinp: moment, and ordinarily they are, 
in oonsequencei neglected. They can be computed by means of the 
formula, 

in which i/« is the deflection of the point b with respect to u, E, is the 
) <M»fTi( i<'!it of elasticity for shear, and Q, A, and (5 are the values, at any 
!M)iiit. m] \\\e shear, the area of the beam, and an involved function of 
the sbupe of the cross section called )>v some Herman wriiers the "dis- 
tribution number.'' If Q, A, and ^ are coiibtaut, Equation 9 takes the 
form, 

01 

in wfaidi I rep r e s en ts the length of the beam from a to 6. 

The shearing deflection can also be found by an equation similar to 

E(|uatiou 5, of the form, 



I 
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q being the shear at any point due to a unit load appliofl at the point the 
deflection of which is desired. The calculation of deflections b.\' means 
of Equation 11 is iUustrated in Hudson's Deflections and Statically 
Indet(Tminate Stresses." 

The quantity /3 which appears in the above equations cannot be ez- 
prased in any simple maniifir. For rectangular solid beams its value is 

6 10 

-g-, and for solid circular beams it is -g-. For I-beams and girders 

its value p;;onerally be approximately 2; but it is likely to vary widely 
therefrom in any particular case. However, since in such beams nearly 
all the shear is carried by the web, and since the unit shear over the entire 
web is nearly constant, it will be sufficiently accurate to replaoe A by 
Aw, the area of the web, and to make ^ unity. The error occasioned 
the inoomet assunq^iiion will never be large; and as th^ entire defleetion 
due to shear Is ge&eraUy small as oompared with that caused by the mo- 
ment, the approximation is justified. We may, therefore, write for I- 
beams and plate-girdefs 



^ Qdx 



When Q and are constant, this equation becomes 

Ql 

In the same manner £quation 11 takes the form, 

•fr Qqdx 



[Eq. 12] 



lEq. 131 



-j: 



IBq. 141 



The deflections of curved beams due to moment are found meet easl^ 
by means of a woik equation similar to Equation 6, or by the areapmoment 
method. For good treatments of the subject, the reader is referred to 
''Modem Framed Structures," IVut II, page 112, and to Hudson's "De- 
fleetions and Statically Indeterminate Stresses" (1911 edition), page 59. 
When exact integration is impossible or tedious, it will be moet oonyememt 

to plot the values of ^or ■ or , if desiredy at various 

points along the beam, and sum tiie areas by the planimeter or in some 
other approximate manner. 

The deflection of a truss due to dianges in the lengths of the various 
members can be computed either analytically or graphically. The ana- 
lytic method will first be e^qilained. 

Suj)pose that we wish to find by this method thti deflection 5 of a 
'Tertam point of a truss in a pivcn direct iuu due to chanj^os of length \l 
iu the various members. This can be done most easily by placing at the 
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point a load of unity acting in the given direction, calcukting the 
st rcaoes ti in the various members caused by this unit load, and then 
applying the formula 

i^Zu.M. [Eq. 15] 

Tliis eqiiatkm follows directly from the law of the equality of internal 
and external work, ance i is the external work performed by the unit 

kjacl in moving a distance 5, the expression u . A? is the internal work 
done in one member by the force u moving u ciistance A/, and . Al 
is the total internal work done in the entire stnicture. 

The changes in length A/ of the various members may be due to stresses, 
changes of temperatiu"e, or such accidental or arbitrarj' effects as play in 
pin-holes, shf)p errors, and adjustments of erecting devices. If any mem- 
ber of lengtli / and area A be subjected to a stress P, a cliatige of tem- 
perature of / degrees, and arbitrary or accidental changes of length amount- 
ing to A'l, the total change in length, M, will be given by the formula, 

- + *ii + A 7, [Eq. 16] 

in which e is tlie coefficient of expansion of the material. We can then 
whte Equation 15 in the form, 

a » V— + 2: a c// + 2 u A7. [Eq. 17] 

Tias equation is in the fonn best adapted for direct use. 

It is necessar>' to adopt some convention a^? to the signs of the various 
quantities in the alwve equation. It will be found most convenient to 
call tensile stres.-< s. rises of temixTature, and increases in length positive, 
and compressive stresses, falls of t<»m|HTature, and decreases in length 
negative. A positive value of 5 will then indicate that the point moves 
in the direction in which the unit load was assumed to act, negative that 
it moves in the opposite direction. 

In finfting the deflection of a point in one-half of a sv'mmetrical truss 
under synometrical loading, it will be best to place a unit load at the oorre- 

PuL 
AE 

for one-half of tlie truss only. 

When the deflection of a truss is to l>e found by the graphical method, 
either the Williot or the Williot-Mohr diagram is employed. The con- 
struction of these diagrams will now be explained. 

Suppose that in the truss ABCFED, shown in Fig. 12d, the members 
CF, BEf ADf BC, and AB are shortened by known amounts, while the 
members EF, DB, BF, and AE are lengthened by known amounts; and 
that the point F remains stationary, and the member CF fixed in dkeo- 
tkm. Let the various members be numbered 1, 2, 3, etc., as shown in 
the figure, and let the change in length of Member 1 be called Al, that 



sponding point in the other half also, and then get the value of 
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of Member 2, A2, etc. The deflected positions of the various panel 
points can now be found as follows: 

Since Member I shorteiLs an amoimt Al, but dues not rotate, the 
jK)int C will evidently move directly toward F by the amount Al, rep- 




re.^ented by the short heavy line Cc. The point c is, therefore, the de- 
tlected position of C. The final position of the point B is next to 1m^ 
found; and for thi^ p'irj)Ose we mtist trac(^ the nioveni(Mit^ of Members 
2 and 3. Considering first MemlRT 3, tiie end ii thereof may be d(H'med 
to move away from in a direction parallel to the member itself by aa 
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amount. A3 represcntoil by ihv heavy lino in the 6gure, and then the 
member may be thought of as turning a)>out F as a centre, the end B 
' tfaoB rotating through an arc of radius BF + A3. For Member 2, we may 
consider that the entire member moves downward an amount Al to the 
podtion (parallel to its original poeation) shown by the light dotted line, 
then that the end B of the member moves horiaontally toward c by an 
amount A2 (shown by the heavy line), and lastly that the member ro> 
tatoB about e as a centre, the end B thus describing an arc of radius 
BC - A2. The final position of the point B must be at the intersection 
of the two arc8 swung about F and c a.s centres, whicli intorsootion is Irt^ 
'♦red b in the fijiurr. In an actual trass, these movrmcnts wiil In- so small 
comi)are<l with lh( h iifi^hs of the members themselves that the arcs 
will be practically straight lines i)eri)on(hcular to the members. Hence, 
HI making the construction, in the figure, the members themselves have 
Iwn laid off to a small scale and the lengths ^1, A2, and A3 to a much 
larger one, and the arcs drawn as light straight lines perpendicular to 
the members. This distortion of scales evidently introduces no errors, 
MDce all we de-in to know is the position of b with respect to B; and 
the lines drawn in finding its location are the same in length and direc- 
tion as they would have been had the members been laid off to the same 
scale as the distortions themselves. The heavy dotted lines 6c and hF do 
not truly represent the final positions of the members BC and BF; but 
they give a very good idea of the actual movements of the said members. 
If the distortions are laid out on a scale fifty tunes that of the truss itself, 
the angles lx»tween 6c and BC and Ix^tween bF and BF will be approxi- 
mately fifty times a.< large tis the true values. 

The deflect^'il position of Point E Ls next t<3 be found, (-onsidering 
first Member 1, the heavy line A4 is laiti off representing the movement 
of the end E away from F, and then the light line iHTyx^ndirular to EF 
drawn to indicate* it-s movement of rotation al>()Ut F as a centre. Next 
considering Member 5, we can conceive of it,s moving parallel U) itself 
until the point B reach&s b, the ix)int E moving along a line equal in length 
to the line Bb and parallel thereto. The hea\'>' line A5 is then drawn 
to represent the movement of E toward 6 due to the shortening of the 
nMmber, and lastly the light line perpendicular to BE to indicate the 
rotation about 6 as a centre. The mtersection of these two "arcs'* at 
e gives the final position of E, 

We now proceed to find the movement of the point A by the same 
method that was used for the point E. The member 6 is considered to 
move paralld to itself to the position shown by the light dotted line, the 
end B moving along the line Bb and the end A along a line equal and 
ijarallel to Bb. The heavy line AO is then drawn to represent the movo- 
niput of A toward /> due to the shortening of the member, and the light 
vertical line to r(i)re.sent the rotation of A about b as a centre. In like 
manner, considcri^ Member 7, the point A can be thought of as moving 
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along the light dotted line equal and parallel to Ee, then along the heavy 
line A7, and lastly along the light line perpendicular to AE. The inter^ 
section of the two ''arcs" at a gives the final position of the point A. 

Finally, ve find the movement of the point D. For the member 8» 
we draw a light dotted line equal and paralld to Ee, the heavy line 6& 
representing the movement of D away from e on acoomtt of the elcoga- 
tion of the member, and the lig^t vortioal line to indicate its rotatioD 
about 6. For the member 0, we draw the li|^t dotted line equal and 
parallel to Aa, the heavy line A9 to show the movement of D towarda 
due to the shortening <tf the member, and, lastly, the light horiiontal 
line to represent its rotation about a. The intersection of the two "arcs" 
at d is the deflected position of D. 

While the method just explained is c:isy to follow, it makes it neces- 
sary to lay out the truss diagram to a fairly largo scale, anil to draw a 
good Diaii\ lines. By an examination of the figure, it will be seen that 
if construction lines identical with those drawn at all the various panel- 
points be laid off from a single point, they will unite to form the small 
compact diagram shown Ijelow the larger one. This small diagram can 
evidently be drawn up much more quickly than the diagrams at the 
panel points of the large figure ; and in order to do this in a logical man- 
ner, the work should be carried through as follows: 

The point F, which is assumed to stand fast, is first located and marked 
/. Since the point C merely moves downward toward F by an amount 
Al, the heavy line Al, drawn downward from / locates c, the final posi- 
tion of C, Since the pcnnt B moves upward «ad to the left from F by 
a distance A3 parallel to Member 3, and horiiontally to the right toward 
C by an amount A2, a heavy line of length A3 is drawn upward and to 
the left from / jmrallel to BF, and one of length A2 horisontally to the 
ri|^t from e; and from the ends of these heavy lines are drawn light 
lines perpendicular to the respective members to represent the rotations 
of the said members about F and c. The intersection of these two lines 
locates b, the final position of B. Since the pomt E moves horizontally 
to the left from F by an amount A4, and vertically upward toward B 
by an amount A5, a heavy line of length M is drawn horizontally to 
the left from /, and one of length A5 vertically upward from b; and from 
the <ni(ls of thest? hea\y lines are then drawn light lines piu-jx-ndicular 
to the respective members representing llu^ rotations of the said mem- 
bers about F and b. The inters(^ctiou of these two lin(^s loeates e, the 
deflcrtcd jx)sition of K. Since I lie jwint .4 moves u|)ward antl to the 
left from E a distance A7 parallel to the member 7, and horizontally 
to the right toward B by an amount AG, a heavy line of length A7 is 
dra^^^l upward and to the left from e parallel to AE, and one of length 
Afi horisontally to the right from b; and from the ends of these heavy 
lines are drawn light lines perpendicular to the two members, to indicate 
the rotations thereof about e and 6. The intersection (A these two lines 



Digitized by Google 



DEFLECTIONS 



243 



st a is then the deflected podtion of the point A» As the point D moves 
horizontally to the left from E an amount A8, and vertically upward 

toward .1 a tlistancc A9, a heavy lino of length A8 is drawn horizontally 
to the left from e, and one of lengtli AD vertically upward from a; and 
fn>m the extrimities of these heavy lines are drawn light lin(\s p<>rpen- 
'iicular to the two members, to indicate the rotations thereof al>out c and 
a. These two lines intersect at d, which is the deflecteil position of D. 

By a comparison of the small diagram with the large figure, it will be 
sf* n that the positions of the points c, b, e, a, and d with respect to / give 
directly the deflections of the corresponding panel points with respect 
Uj f. 

The small diagram just discussed was first proposed in 1877 by the 
French engineer WiUioti and is known as the Williot diagram. 

After one has familiarised hunself with the method just described for 
the drawing of the Williot diagram, he should be able to construct such 
figures without difficulty. If he should be somewhat uncertain when 
starting to draw a diagram, it will be well to lay out a couple of panels 
free hand, and carry through roughly the constructions at one or two 
panel-]X)ints in the manner first described. After this i^ done, the method 
oi proceechng with the Williot diagram will l>e apparent. 

It w*as stated above that the positions of the points a, b, o, etc., of the 
-mall figure with respect to / give the defioctioiis of the points B, C, 
etc.. with respect to F, or their movements on the assumption that the 
{Kjint F does not move. It is further evident that the positions of a, 6, 
c. etc., with respect to any other i)oint, as 6, give the deflections of the 
l)oints A, B, C, etc., with reference to ^ as a fixed point; so that We are 
thus able to determine directly from the Williot diagram the deflections 
of the various panel-points with reference to any one of them, so lopg 
as the member which was assumed to remain fixed in direction does not 
rotate. Also, if it is known that some point has moved a certain dis- 
tance in the actual structure, a fixed point can be located ^th reference 
to this point, and the deflections of all the panel points can then be meas- 
ured from the said fixed point. Thus, if in Fig. I2d it w&ee known that 
C in the actual structure moved V to the left, the member CF still re- 
maining fixed in direction, we should locate a reference point 1" to the 
right of f, and measure all deflections therefrom. 

It is f refluent ly impossible to assume as an axis of reference a member 
wfiieh will not rotate in the structure, so that after the Williot diagram 
ha> \mm drawn it may be necessary to determme tlu^ (^fTert of rotating 
t\ii- deflected truss through some angle. For instance, supjxjsc that in 
the problem explained aljove it were known that the point D could move 
horizontally only. In tliat case it would be necessan.- first to draw the 
Williot diagram as explained previously, and then to determine the effect 
of rotating the deflected truss until the point d drops down to the ele- 
vation of the point i>. It will be found simpler to assume that the orig- 
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huU truss rotates about F as a oratre until D reaches the elevation of d, 

rather than that the deflected truss rotates; and as only the relative 

positions ;it the various panel points are to be figunnl, the two methods 
will evidently give the siinie results. The simpler method will, thtrcfore, 
Ije used. Considering first the large truss diagram, the point D will 
evidently move vertically to a point cV at the same elevation as d, so 
that the euliru truss will rotate through an angle the value of which ia 

radians is equal to The points will move to a point a', the position 

of which is found by drawing a line perpendicular to AF, and of a length 
ila' given by the formula, 

Ddf 

Ao! = . [Eq. 18] 

(This line Aa' \& really an arc of a circle having its centre at F; but» as 
explained before, a straight line perpendicular to AF should be used.) 
The new positions 6^ cf > and ^ of the points C, and E are then to be 
found fay drawmg the lines Eb', Cd^ and Ed perpendicular to the lines 
BF, CP, and J?F, respectivelyi the lengths of the lines being determined 
in the same manner as was that of Aa'. Turning now to the small Wil- 
hot diagram, and remembering that it is but a collection of the construo- 
tion lines drawn at the various panel-points, it is evident that we can 
draw thereon lines equal in length and parallel to Bd' , Aa', Hh\ Cdy and 
Ed J — all radiating from the iK)int / — and thus locate on this diagram the 
points d\ a\ b', c', iind o'. It is further clear, however, that these points 
/, d'f a', h\ c', and e' constitute a small seale drawing of the truss, with 
all of its members perpendicular to those in the original truss. Hence 
we can locate these points ni(»-^t ea^^ily \>y drawing tlu' line /r/', assuming 
it to represent the member FD of the actual trusts, and tln'n comi)leting 
thorf^from the small scale drawing of the truss. The positions of the 
points r/, a, r, and e with resp(?ct to d', a', b' , c/, and e', respectively, [ 
give directly the deflections of the various panel-points in the structure 
from their original positions £>, A, B, etc., on the assumption that F 
remains fixed in position aiid D moves horirontaUy only. 

In the example illustrated, the truss was assumed to rotate about the 
same point that had been used as the starting point in drawing the WH-- 
Hot diagram. It is not essential, however, that these two pdnts be the 
same. For instance, it mi|^t have been known that E was the fixed 
point and that D remained at the same elevation as J?. A line ecf would 
then have been drawn vertically upward from e (i. s., perpendicular to 
ED) until it intersected a horisontal through d, and the smaUnacale truss 
drawn in on the assumption that eef represents the member ED of the 
truss itself. The positions of the pobits a, 6, c, d, and / with reference to ' 
the points o', h\ c', d', and respectively, of this latter truss iliagraru 
would indicate the deflections of the various panel-points on the Ui>sump- \ 
tiuns that E remaias fixed and lluil D n>oves honzoutally ouly. ' 

• 
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Again, it might have been known that F moved I" downward and 
I 1'' to the right* and that the point D moved downward and was free 
to move'horiiontally. We would then have located a point f \" to the 
left cif and 1" above it, and the point d' above d and on a vertical 
line through (The last mentioned line is drawn vertical because it 
must be at right angles to FD, vvrhich is horiiontal.) The small-ecale truss 
would then have been drawn in with d'f representing the member DF 
of the truss, and the positions of the points a, b, r, d, c, and f with refer- 
ence to the points a', h\ c', d\ e', iiiul f of the (iiagram kust drawn wuuid 
represent tlie movements of the various panel-points. 

To give one more illustration, we nii^lit sui)|M)se that the jx)int D 
remains fixed, and that thr jM)int C can move liori/jwitMliy only. We 
first locate the point c' at llie intersection of a horiznntal line tlirough c 
with a line drawn througli d perpendicular to a line DC" drawn in the truss. 
We then complete the small scale drawing of the truss with points d 
and d representing the points U and C. As before, the positions of the 
points a, 6, ^ e, and / with reference to the points a', 6', and/' of 
the new (liaf^ram {z;i\'e the deflections of the various panel points* 

The drawing of the diagram for the effect of rotation was suggested 
first by Prof. Mohr in 1887; and the complete diagram, showing the 
effects of both displaoement and rotation, is best called the Williot-Mohr 
diagram. 

It will be noted that this diagram does not give directly the positions 
of the various points with reference to each other, as does the Williot 
diagram. If this should be desired for the truss shown in Fig. 12ef, we 
can proceed as foUows* A line is drawn throuf^ a equal in length and 

parallel to a'f, and the extremity thereof is lettered a"; another is drawn 
through 6 equal in lengtli and iiarallel to 6'/, and tlie extremity thereof 
is lettered h"\ etc. The positions of the various points a", 6", etc., with 
reference to/ give the deflections of the points A, B, etc., on the assump- 
tion that F remains lixrd and J) nioN t s iiui izontally only; and the relative 
movement of any two points is also shown tiirectly. 

If the construction last dcsrrilx-d jz;ive> too complicated a figure. t}i«» 
points can l>e transferred to a separate tliagram at one side. Another 
method is to take* a piece of tracing cloth, mark thereon a reference point, 
and letter it J", The cloth is then shifted! until f" coincides with a', and 
the pcnnt o is marked thereon and lett4?red a". This same procedure is 
then followed through for each of the other points, kr oping the doth 
properly oriented. The positions of a", ir", c", d", and e" with reference 
to f then give the deflections of the corresponding panel-points on the 
assumptions that F remains fixed and that D moves horisontally only. 

In starting a Williot diagram, a member which will not rotate should 
be used as a rsferenoe aads, if possible. For a (symmetrical truss under 
symmetrical loading, the centre bottom-chord member should be used in 
tiie case o£ a tnias with an odd numb^ of paneb, and the centre vertical 
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post in the case of a truss with an even number of panels. A symmetrical 
arch without a crown hinge can also lie handled in the same manner. 
If a truss should have an end fixed in direction, the diagram should be 
started at that end. For cantilevers, arches with crown hinges and un- 
flsymmetrical truflses, it will gsuaUy be impossible to select a member which 
will not rotaie. 

In diawmg tq> a Uniliot diagram for a truss with subdivided panels, 
the positions of the mahi panel points should first be found, ignoring 
entirely the secondary members, which do not affect the positions of the 
said main points. The positions of tho various secondary panel-points 
can then be determined. 

The Williot diagram can also be utafiaed to find the angles through 
which the various members of a trass have rotated. If we examine the 
movement of any member, as AE, in Fig. 12rf, we find, as before explained, 
that it may be coiLsidered to conisi-st of two parts; first, a movement of 
translation parallel to itself, and second, a rotation about a a, centre. 
The angle of rotation 7 of this member is evidently 

1 - -H". lEq. 19J 

Now the linr did app<'ars us one of the light lines in the Williot diagram, 
hence the angle through which any member turns can be figured by means 
of the light hnee in the said diagram. The dirertion of rotation can be 
determined in a simple manner. For instance, if we trace from « to a, the 
rotation is to be considered as one of a about e as a centre, thus giving 
clockwise rotation. If we trace from a to e, the rotation is to be taken 
as one of e about a as a center, again giving cbckwise rotation. If a 
member at the centre of a symmetrical truss qnnmetrically loaded be 
assumed to remam unchanged in direction, all members in one half of 
the truss will usually^ rotate In the same direction. 

When a complete study of ihe deflections of a truss under various 
loadings is desired, Maxwell's law of reciprocal deflections, which was 
previously explained, can be employed to advantage. Thus if the influ- 
ence line for the deflection of any point o of a truas due to a concentrated 
load jipplitnl at the various panel jwints be dosireil, a Williot diagram 
should !)(' (h'awn for a load at the point a. The detiection of a due to a 
load at any other point h will \)v equal to the deflection at b duo 

to the same load :\i d, which latter deflection is iriven by the Williot dia- 
grnin juA coiisiriicted. This principle is of especial value in the calcu- 
lations of stresses in statically in<leteriiiiuate trusses. 

An example of the drawing of a Williot-Mohr diagram for a truss will 
now be given in full, and the deflection of two points will then be checked 
by the analytic method. For this purpose the 296' span used as an ex- 
ample in Chapter XI on Secondary Stresses will be adopted. The cal- 
culations for the Williot diagram are shown in Table lid. The truss is 
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MBomed to be fully loaded, and the stresses are figured on this aasump- 
tkm. Care should be taken to see that no error is made in this respect. 

The stresses given on a stress sheet t^annot be employed, ius they repre- 
sent maximum and not siinultaiu ous streKses. Next the chaiipjes in length 
"f the various members arc ligunnl. The d'uijicrain uii th<' right in Fig. 
I2di ks then laid out. It gives the inclinations of all members in the half 




Fig. 12e. Williot-Mohr Diiigram for a 'iOf^rcKit, Hingle-track-riulway, Rivot<Hl, 

Parker-truss Span. 



truss, and is much more rompnct and roiiveniont than an outline draw- 
ing of the truss. The Williot diagram in Fig. 12^ is thru (hawn on \\w 
:issiimption that the centre bottom chord nicm]>cr 10-12 doc-> not rotate, 
(which is correct) and that Point 10 do<'s not move. The mid-point of 
the nvmber 10-12 evidently moves to the rij^ht by half of the elongation 
•jf 10-12 to the point marked m in the figure. The mid-point of the 
inember 11-13 evidently Ues vertically over the point laist located (the 
truss and its loading being symmetrical), and above it by the amount 
tbat the member 10-11 elongates, its posation in the diagram beiQg leir 
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tered m'. Point 11 will evidently move to the rig^t with reference to ' 
m' by the amount that haJf of the member 11-13 shortens. Having found | 
the deflected positions of Points 10 and 11, the oonstructtons to find the 
deflections of the remaining pomts should require no flxplanationi except 
possibly that for Point 14. The members 1(H14 and 11-14 are assumed 
to have no stress, so that apparently all that is neoessaiy is to draw a 
line from Point 11 in Fig. 126 perpendicular to 11-14, and one from Point 
10 perpendicular to 10-14, and take their intersection as the desired point. 
This point is found to lie to the left of m and 7n'; but, on account of sym- 
mt ti \ , wo know that ii lnu^t lie in the vertical line through these points. 
Evitlcntly, therefore, Members 11-14 and 10-14 must elongate sufficiently 
to allow 14 to ii(3 on the said vertical through f>i and m'. The correct 
position of Point 14 is on this vertical, and at the same elevation as the 
intersection just foimd. The construction lines for locating Point 14 
are shown in the large scale sketch just al>ove the main Williot diiignim, 
and are drawn on a scale five times as large. After Point 14 has been 
located, a line can be drawn therefrom peq>endicular to 10-14, meeting 
a line drawn from Point 10 parallel to 10-14, and another one from Point 
14 perpendicular to 11-14, meeting a line drawn from Pohit 11 parallel 
to 11 II. These lines giv(^ tin? approximate elongations of 10-14, and 
11-14, from which rough values of the unit stresses therein can be com- 
puted. ¥qt finding an exact result, the stresses in the centre panel would 
have to be adjusted. 

In drawing Fig. 12e, it is evident that we could have started with 
the mid-point of Member 10-12 as the fixed point, and have secured the 
same diagram as the one shown. 

In most cases, the deflections with regard to Point 1 would be the 
ones desu:ed. These can be determined directly from the Williot diagram. 

To illustrate again the use of the Williot^Mohr diagram, one has been 
drawn in on the assumption that Point 10 remains fixed, and that Member 
8-10 does not rotate. No explanation of its construction should Ije 
necessary. 

The deflection of Point 10 will now l)e figured by the analytic method, 
using the device of placing one pound loads both at 10 and 12. The cai- 

PI 

culatiims required are shown in Table 12a. The quantities — are taken 

A.lS 

directly from the column headed Al in Table lid, the values for membm 
10-12 and 11-13 being taken for half of each member. The quantities 
u are next figured for the one pound loads at Points 10 and 12, and the 
Pul 

products -^'^ are fonned. Their algebraic sum is then taken, giving the 

deflection of either Pouit 10 or Point 12 below the supports. The result 
is found to check quite closely with that given by the Williot diagram, 
asit shoukL 
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Thr onlculation of the (loflrrtion of Point 8 is also shown in Table 12fl, 
to il lust rate the fact that the fomj)ul;Lliuu of tlie ck'llectiuii.s for additional 
points is comparatively easy. All stresses u from the end of the truss 
to Point 8 are the same as before, those in the e(»ntro portion only var>'- 
ing. If the defiectiou of Point 6 were also to be fi*j:unHl, the stresses u 
in Members 6-7 and 7-8 would chanRe cousiflerably, the stresses in ]Mem- 
\K^rs 7-9, 9-11, 11-13, ^10, 10-12, 8-9, 9-10, and 10-11 would be three 
quarten of those used for Point 8, and all of the other streBses would 
remttin uncbftiiiBBd. 

TABLE 12 rt 

DBTLBCnONS OP A 296-FoOT, SlN€iLfi-TBACK-RAiI.WAY, RiVKTED, PaBKER-TrUSS SpAJV 



1-3 

1- 2 

2- 3 

3^ 

3- 4 

3- 1 

4- 6 

5- 7 

4HJ 

/Mi 

(i-T 

7-') 

6- 8 

7- 8 

8- i> 

9- 11 

H-10 

»-10 

10- 11 . 
]■>([ I i;o 
j2U()-12) 

11- 14 

10-14 



Dkkusction of 10 



DbFUdCTION OP 8 



PI 
AS 



-0 
+0 
+0 
-0 
+0 

-u 

-0 

10 
+0 
-0 
-0 
^ 0 
+0 
-0 
-0 
+0 
-fO 
+0 
-0 
+0 
0 
0 



.182 
143 
. lOS 
. 152 
.143 
lOS 
.148 
.150 
113 
l.st> 
. (>1)S 
.148 
1 } t 
. 1,>3 



149 
.145 
.081 
(>45 
075 
.072 
.0 

.0 • 



-1.276 

+0 791 

+0.0 

-1.3SS 

+0.791 

+0.915 

-0.717 

-1.864 

11 3r»s 

+0.8()1 
-0.713 
-2.320 
+ 1.842 
+0.890 
-0.769 
-2.80<3 
+2.30S 
+0.988 
+0. 140 
-2.8(X) 
+ 2.800 

0.00 

0.0 



Pul 
AS 



+0.232 

+0. 113 

+0.0 

+0.211 

+0.113 

+0.182 

+0.106 

+0.280 

+0. 194 



+0. 

+0 

+0 

+ 0 



KM) 
070 
343 

2ri5 



+0.136 
+0.022 

+0 418 



+0 
+0 
+0 
-0 

+0. 
0 
0 



335 

080 

(K)7 

210 

203 

0 

0 



+3.680 



+0.241 
-3.244 

+0.1 Hi 
-2 240 
+2.240 



Pul 
AB 



+0.'232 
+0.113 

+0.0 

+0.211 

+0.113 

+0 1^2 
+0.100 
+0.280 
+0.101 
+0.1<»0 
+0.070 
+0.343 
+0.265 
+0.136 
-0.007 
+0.335 
+0.335 
-0.011 
+0.005 
+0.168 
+0.162 

0.0 

0.0 



+3.392 



Either the amUjrtic or the gra[)hic method of figuring deflections can 
ordinarily be employed for any truss. If the deflection of but one point 
in one direction only is recjuired, the analytic method is the qui( k( r; but 
if the movements of several panel-points are to be figure<l, the graphic 
method is much .shorter. A ver\' common procedure is that of using 
the graphic method, and then checking the detleetion of ;i single point 
(n» ii'Tally at ttie centre) by the analytic method. The latter is partic- 
uiiirly useful for determining the movements of a panel-point of a truss 
which is erected by the cantilever m«thod; for the movement of the 
said point, due to an adjustment in the length of any given member, 
can be found directly by multiplying the amount of the adjustment by 
the vahie of i» for the said member 
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CHAPTER Xin 

COMBINATION OF 8TBB88BS 

The comlMiiing of the usual streBBee, viz., those due to live load, im- 
pact, and dead load (aLso^thoee for centrifugal load in railroad struct urea 
on curves), is simply a matter of addition in order to obtain an equivalent 
total static load; but when there enter into the oomlnnation some of the 
unusual stresses, such as those due to wind, traction, and temperature, 
the theory of |irobabilitieB has to be employed. 

In bridges proper, with the exertion of arches having less than three 
hinges, the on^ unusual combination is that of tiie ordinary stresses and 
the wind stresses, to allow for which standard bridge specifications permit 
of an increase of thirty (30) per cent over the rep^lar intensities of working 
stresses; hul iu trestles, all of the various stresses mentioned may have 
to be coiisitlered, hence the computing of some of the sections for these 
etructuros is a c*()mj)li('ateil matter. 

As sj^ecified in Chapter LXXVIII, the columns of stcei trestles are to 
be proportioned thus: 

First. For live load, impact, centrifugal load, and dead load, with 
the usual intensities. 

Secotul. For live load, impact, centrifugal load, dead load, and wind 
load or traction load, with an excess of thirty (30) per cent over the usual 
intx'nsities. 

Third. For live load, impact, centrifugal load, dead load, wind load 
or traction load, and temperature. With an excess of forty (40) per cent 
over the usual intensities. 

Fowih, For live load, impact, centrifugal load, dead load, traction 
load, and wind load, with an excess of forty (40) per cent over the usual 
intensities. 

Fifth, For live load, impact, centrifugal load, dead load, traction 
load, wind load, and temperature, with an excess of fifty (50) per cent 
over the usual intensities. 

The preceding combmations and excess percentages of intenaties were 

adjusted after much deliberation; and this is the first time that such a 
complete exposition of the mailer has b<M ii iii:ui* in j)iiiit. lii the ])re{>- 
aration of specifications heretofore it has been deemed too eomjilieated 
for wntten treatment and h;is been left entirely to the jiidjiment of each 
individual designer. A' study of the preceding adjustment will .show that 
the greater the improbability of any combination thr greater the inten- 
sity of working stress adopted. 1 he worst combination (which, really, 
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sever could occur) would stress the metal up to three-quarters of its 
f^astic limit; which is perfectly safe for an occo-^ional loading. It is much 
better to take into account all possible combinations and to stress the metal 
high for the wont summation than to ignore such combinations entirely 
and to trust to luck that they wiU never occur, as is too gererally done in 
trestle designing. On the other hand, thou^, it would be extravagant 
practice to combine aU the possible stresses and use either the ordinary 
intensities or even these increased by the usual thirty (.SO) per cent al- 
lowance for the inchiding of wind. Trestle proportioning hitherto has 
Vx-en rather unsciontitic ; and it is to be hoped that the specificiitions at 
' liiipter LXXVllI will improvf^ tlic grnemi j)ni( tic(' of designing in this 
I)articular at least. When ah is said and dom', though, it is impracticable 
to ehminate eutirel}' indivi(hial judgment in the dcsignhig of high <iov[ 
frt-stle?<, bt'cause in some eases local coasideratioas \vill p<'miit of the 
reduction or even the ignoring entirely of certain stresses. For instance, 
when a trostle is situated near the middle of a sharp curve* or near the 
apex of two heav>' rising grafles, it would be biid judgment to assume 
a high velocity of train when finding the stresses due to centrifugal loading. 

The preceding adjustment of combinations of stresses and intensities 
of workhig stresses will apply also to arch structures having less than 
three hinges per arch, a class of bridge which the author does not recom- 
mend for steel structures because of the unavoidable ambiguity of stress 
that it involves. 

The combination of bending stresses and direct stresses is a rather 
fiinple matter. In the case of chords of riveted truss railroad bridges 
subjected to transverse loads there is employed a compromise formula, 

Jf = ^ ir/, 

for finding the bending moment; and the usual intensity must not he 

exceeded for the combination of extreme fi})re Ix'nding stress and the 
direct compression or tension. As tlie ends of tlie meml>er are assunnMl 
to be tixed, the formula for a load at the middle of the beam would be 

M = ^ Wl, 

and tliat for a load uniformly distributed would be 

but as the actual conditions lie between these two extremes, the coefficient 
has been taken as one tenth. 

In the case of chords of pin-connected-truss railroad bridges, the ends 
being assumed free, the compromise formula will be 
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because for a concentrated load at the middle it is 
and for a unif ormly distributed load it is 

Tlie reason fur tbr compromiso \s that the ties which rest on the top chords 
tend to distribute the wheel loads over the total lenfs^th, but do not do 
80 uniformly. It seems almost unnecessary to say that in the preceding 
formulae M is the bending moment, IF the total load on the beam, and I 
its length. Of course, in other cases of bulling than that of railroad 
ties on chords, one of the exact formul» should be employed instead of 
the cfHnpromise ones. 

When tbe paneb are very long and the stiff chords or the web struts 
are slender, the effect of bending from their own wdf^t is to be coiisid> 
ered and combined with the direct stress; but, according to the speci- 
fications of Chapter LXXVIII, the intensity of working stress is to be 
mereased ten (10) per cent. Under the assumptioii of uaaionniy dis- 
tributed loading, the formula for bending should be 



for riveted bridges, and 



for pin-connected ones. In the case of struts inclined to the horiiontal, 
the loads thereon are to be resolved into theur longitudinal and transverBe 
components, and the latter are to be used in computing the bending 
moment. 

The combination o^ stresses in cantilever bridges and in arches is d]»- 
cussed in the chapters devoted to those structures, viz., Nos. XXV and 
XXVI; hence there is no need for further treatment of the matter here, 
except to call attention to the fact that the sections of members do not 

require to be increased because of erection stresses, unless such total stresses 

(ineludinK those from wind under ivn assunie<l i)robablc pressure of ten 
(10) or fifteen (lo) ])<)uii(l.s jxt s(iu;ire foot) raise the intensities above 
those sp<'('i{i('<l for a e(»nil)ination of the usual loads with wind. 

The conibination of stresses in swin^; spans is treated at length in 
Chapter LXXVIII, consciiucnt ly nnihinK need be t^aid al)out it here, 
exeept to eall att' iition to tlie fact tliat where the a^^inned uplift loiid 
stress on any nienil)er tends to increase llie x-ctnm it must be considered, 
but where it tends to diminisii the section it must be iji^iored. The reas^m 
for this is that the amount of uplift is assumed arbitrarily, and the prob- 
ability is that the stresses found by it will never occur. 

In summing up stresses care must be used to add only those that can 
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J ai"t simultaneously, hocauso Homo stresses ran novor occur topjothor; for 

■ instance, live loaci and orcction stresses in cantilevers and in arches erorted 
by cantileverin^r. and live load and wind stresses in highway l)ridp;eM. 
Hub word of warning seems almost unneeessiiry ; nevertheless a careless 
computer is liable to sum up stresses that cannot act togetheri as the 
author knowB from personal experience. 

In the combination of stresses of opposite kinds distinction is made 
beUreen the conditions of the reversal. If the cause thereof be wind, 
the efiect of reversion is ignored, because not only is there generally a 
kmg interval between reversals but also the maximum wmd stress on 
any piece is of infrequent occurrence. Reversals due to live loads com- 
bined with impact are divided into two classes; first, those which occur 
in succef^on during the passage of a live load over the structure, and, 
st'cond, those which are caused by different loadings. In the first case 
each of the two kinds of stress is to be increased by seventy-five (75) per 
pent of the other, then the section requirerl for e;u'h coinl)iaation ia to be 
n»mputf*ti and the larger of the two adopted. In the second cas(» tlie 
jtrocedurc is similar to that just descrilH'd, except that the percent age to 
U' a^Ideil is fifty (oO) instead of seventy-five (75). In either c;use, tliough, 
when figuring the number of rivets for connecting main members, it is 
best to add together the two opposite stresses without reducing either 
and to proportion for the sum, because stress reversal is harder upon 
the connecting rivets than upon the memlx>rs themselves which they 
join. One can appreciate the correctness of this statement by recalling 
the fact that the quickest way to break off a nail driven for a portion of 
its length into timber is to bend it a few times in opposite directions — 
and a rivet is a species of nail. 

There arises occasionally in a bridge engineer's practice a question of 

.stress combination that is truly difficult of solution viz., the testing of 
an existing structure for the pun>o«e of detennining either its .safety or 
its pn)per carrying capacity, as was the ciise a few years a^^o in tlie Blaek- 
well's Island I i ridge at New York Cit^^ In the author's opinion, the 
l«st loa4l> aj)plied in that case were not the proper ones to u.se; for a mis- 
take had lx*en made in the designing by omitting the suspended spans 
in the two long openings and connecting there the meeting ends of the 
opposite cantilever arms. Instead of finding for each piece the sums of 
the stresses of like kinds from all of the panc^l loads tliroughout the entire 
structure, the theory of probabilities should have been studied so as to 
dptermine for each main member of each span what combinations of 
Uve loads affecting it vmt likely to occur, and thus arrive at a common- 
sense decision concemmg the capacity of the bridge to carry moving load. 
The author understands, thouc^, that the engineers who undertook the 
job of making the complicated computations for the numerous indeter- 

I mmaie nUeescc hivolved were not free agents in regard to this matter, 
hNHita their iaA was allotted to them by the "Powers." 
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Chapter XIII 



This last diasertation brings up another matter that deserves the 
soious consideration of all practitioners of the apecial^ of bridge engi- 
neering. When an engineer is retained to check the stress sheets and 
plans of a bridge and to comment thereon, he should always distinguish 

between structures already built and those not yet constructed, treating 
the latter far more drastically than the former; because in the latter it 
is practicable to change anything objectionable that he may discover, 
while in the former generally it is not. In other words, it is good ])hilos- 
ophy for an engineer always to make the best of existing conditions, and 
not to condemn a structure because it is not wliat it ought to have been 
made, but, on the contraryi to show what it is good for under probable 
and not under practically impossible conditions of traffic. 
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CHAPTER XIV 

IMTBNSinES OF WORKING STRESSES 

By the term "intensity of working stress" k meant the unit stress or, 
m American bridge practice, the number of pounds per square inch (either 
pennissible or actual) of net or gross cross-section of a member. Gener- 
ally the term refers to permissible rather than to actual mtenstties, es- 
pecially in qiedfications for designing. The various intensities of working 
stresses of which the bridge engineer takes cognizance are those for ten- 
flbn, compression, shear, bending, and bearing. In addition there is the ' 
intensity for torsion, which is applicable to bridge designing only m so far 
as it relates to the machinery of movable spans. There are also inten- 
sities for combiiiiitions of some of these stresses that act simultaneously; 
for instance, tension antl bi iuliug, and torsion and bending; but shear 
is usually not figured upon as combining with other stresses, although, 
strictly speaking, it does. Bearing stresses are not c<)nii)ined with any 
of the others in proiwrtioning the sizes of bridge members. Alternating 
stresses of tension and compression and reversing stresses in Ix'nding are 
sometimes taken care of by special intensities, but generally they are 
provided for either fay adding the two stresses together and proportioning 
regularly for the sum, or by adding to each stress a certain percentage 
of the other, applying the usual intensities to the totals, and adopting 
the larger of the two results thus obtained. Some years ago certain en- 
gineers made a practice of taking into account the maximum and mini- 
mum stresses in bridge members by using modifications of the Launhardt 
formula so as to provide for the destructive effect of oft-repeated stresses. 
But this custom, which was rather in the nature of a fad, has, with one 
or two remarkable exceptions, "been relegated to oblivion ; because no one 
has yet showTi that the repetition of stresses not exceeding the elastic 
limit has ever produced rupture; anil as the actual intensities of working 
strc8.ses in bridge members r;irely exceed one iialf of that limit, it is evi- 
dent that in properly designed structures the fatigue^ of metal is non- 
existent and that there is no gocxl rejison for any longer considering that 
mj-thical bugbear. A trace of it may possibly exist in those modem 
bridge specifications which provide one intensity of working stress for live 
loads and another for dead loads; but generally that is done to cover 
the effect oi impact. 

The consideration of the latter in bridge designmg has altered funda- 
mentally the standard intoisities of workmg stresses and has cut down 
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materially the number of them nfiCQflsary for specificaticmSi in that by 
its adoption all live load streeses are supposed to be so augmented that 
the sum total of stresses on any piece is reduced to an equivalent static 
load stress. As stated in the chapter on "Impact Loads/' tiie impact 
method of proportioning bridges b the only scientific, rational, and cor- 
rect one; and its effect is almys to simidify methods of computation, 
notwithstanding the additional oticsscs that have to be figured. This 
method has come to stay. The author has used it exclusively for some 
twenty years, conseciuently the specifications for designing given in this 
treatise are based entirely upcm it; and the impact effect is carried into 
the proportioning of every detail and every rivet affected by the live load, 
instead of lieing permitted to go\ i i u only the sectioiLs of main mi'inbers, 
as is the case in certain standard specifications. Theoretically, if the 
proper amount of impact for all eases be provided, there should be but 
one working intensity for each kind of strcs.s; but actually this does not 
prove to be entirely practicable, for two reasons; first, there ma\' Ix' two 
or three kinds of st^^el used in an}' bridge; antl, second, there are otlier 
considerations than impact which alTect \\\v determination of the propcn* 
intensities to adopt. For instance, in compn^on fonuulsB the author 

does not consider that it is proixr to adopt a sb^^e coefficient for ~, ir~ 

ieq)ective of the condition of the ends of ihe piece, because a strut with 
hmged ends is certainly not as strong as a like stmt with fixed ends, even 
when due cognisance is taken of the secondary stresses. 

Engineers of raihroad companies, in order to anticipate future increase 
in live ksada and other adverse conditions, are somewhat prone to specify 
unusually low intensities of working stresses; but the author believes that 
this method is unscientific, and that the future should be provided for 
by adopting heavy live loads, proper impact, and a largi' minimum iliick- 
ness of metal, stressing the steel as high as good practice and exi)erience 
show to be legitimate. The only sound plea for a reilia liuii of intensities 
is that it provides for iK)ssil>le deterioration by rust; but even lliat dois 
not make the method satisfactory, jus the amount of provision is propor- 
tionate to the total stress, and, therefore, gein rally to the tliickness of 
the metal, while the rustino; is not. If it were advisid^le to ])rovide for 
future corrosion, the best way would be to add for every plate and shai>e 
a certain amount (say, one-sixteenth {Vie) of an inch) to the thickness 
callinl for by the computations, taking due cognizance, of course, of the 
usual requirements for minimum thickness; and the author is inelinKi 
to believe that this would be an advisable innovation, although at present 
he is not prepared to endorse it to the extent of including it in his 
fications. 

Some enipneers contend that intensities of working stresses should be 
kept low in order to check vibration and reduce impact; but this can be 

more eaqpeditioudy and economicaUy by adopting a 
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tips, and if these be supported by a mass of ballast, the vibration will be 
ohpcked materially before it reaches the truss members^ and thus the 
effect of impact will be substantially lessened. 

In the days of wrought iron bridges, before impact was oonsidered In 
designing, it was eustomary to stress the metal in tension ten thousand 
(10,000) pounds per square Inch, and in compression eight thousand (8,000) 
pounds per square inch, reduced by Gordon's or Rankine's formula for 
length over radius of gyration or for length over least diametw; but 
counters, hip verticals, and flanges of built beams were stressed cmly c ight 
thousand (S,000) pounds per square inch, and beam hangers six thousand 
(6,000) pounds per square inch. In compression the usual formula was 



ends riTul often upon the fancy of the engineer doing the computing. 
* The intensity for shear was generally taken at three-quarters (^ of 
that for tension, and that for bearing at twenty-five (25) per cent greater 
than the same. Some railroad eugineers ui order to be on the safe aide . 
reduced the preceding intensities two thousand (2,000) pounds each, 
making them about as follows: 

Tension 8,000 Il>s. 

C'oinprf'ssioii G,(M)0 lbs. (reduced by formula) 

l iciKbiig oil extreme fibres of beams. . . 6,0OU lbs. 

Shear 6,0(K) lbs. 

Bearing on pins 10,000 lbs. 

In highway bridge dj'signing it was customary to increjise by twenty* 
five (25) per cent the highest intensities used for railroad bridges, making 
them about as follows: 

Tension 12,500 lbs. 

Compression 10,000 lbs. (reduced by formula) ' 

Bendmg on extreme fibres of beams. . . 10,000 lbs. 



When steel first came into general use for bridges it was the practice 
to increase by twenty-five (26) per cent the inteasities employed for 
wrought iron. Some engineers who advocated soft steel stressed it less 
than that, and some who prcff rred comparatively high steel stressed it 
more; but the medium steel which was generally preferred was stressed 
from ten thousand (10,000) pounds to twelve thousand five hundred (12- 
500) poimda per aquaie inch in tennon and from eight thousand (8,000) 



. 8,000 





Shear 

Bearing on inns 
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pounds to ten thousand (10,000) pounds per square inch iti compression 

I 

(reduced, of course, for — ). 

The general adopfion of Gordon's formula for struts caused fh moet 
cases an extravagant u»c of mi-tal, at li^ast in comparison with the tension 
members of the same structure. Another formula often used was Euler's, 

I 

which waB establuihed for lam Tallies of — , and which icaOy doee not 

r 

apply at all to low values thereof. As prefvioiisly nidSeated, the fraotioa 
I over r appears In these fonnula in the second power. Engineers in their 
employment foUowed each otiier like a flock of sheep till in 1880 BSdwin 

Thacher, the well known bridge engineer, plotted all the reliable records 

of ultimate strengtli of WTought iron columns, ^\^thin practical working 
limits, upon a diagram in which the abscissas represented the vajues of 
{ 

and the ordinates the ultimate strengths. He then enclosed the plotted 

points by a curve, which proved to be apprazimatdy an ellipee, through 
which he drew the major axis and adopted it for the average ultunate 
strength of wrought iron columns. He made separate plots for varioiis 
conditions of the column ends, and found in each case that a rif^t Vne 

formula gave the best possible average. Then by dividing by the usual 
factor of safety he obtained formulai and diagrams fur intensities of working 
BtreSvScs. 

In 1886 he showed his original plots to the author, and gave him the 
results of his investigations. Some years later the author applied thi'se 
formulae to steel columns by assuming a properly proportionate increa.se 
in strength. Still later he modified them so jis to provide for the inclu- 
sion of impact, and published the results in De Poutihiis, from which they 
have been taken for this treatise with certain further modifications in 
order to be in line with the trend of modem practice^ which very properly 
favors simplification. 

One important effect of Thacher's investigation was to inaugurate the 
custom of stressing short columns much hi^ier than formerly and long 
ones somevdiat less, thus giving metal in compression its proper status 
and increasing the rigidity of trusses by stiflfening the light compression 
members of the webs. The ric^t-line fonnula compression members 
during the last twen^ (20) years has becwe qiute p<^ular; but many 
specificatioos still adhere to some modification of Gordon's fonnula, in* 

volving the square of This is due to the preference of certain engineers 

T 

for using so called rational fornmla', notwithstanding the facts tliat ;h(\v are 
much harder to employ when no tables are at hand, and that it is almost 
univmaJly conceded that they are no more correct than thoee of the 
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ampler form. Much has been writteQ on column f rraul^, and much Yalu- 
abfe gray matter haa been expended useleasly on the aubject. Pkt>bably the 
moat thoroui^ of all the papers ever prepared on the question ia that of 
Mr. J. M. Moncrieff, which was published in the Tramactuma of the 

American Society of Civil Engineers for 1900. If, however, one will 
exainiuu those of his diagrams wliicli coiitaiii numerous plotted strengths 

I 

within working limits of — , and in each thereof will circuniscribe these 

points by a curve, as Thacher did, he will find that the right-line fonnub 

will apply very satisfactorily to every case. 

\Miy bridge designers fur so many years stressed metal in teii-siun 
twenty-five per cent higher than in compression on short blocks is diffi- 
cult to understand; for early experiments showe<l dearly that the ulti- 
mate streng^tli and the elastic limit of both iron and steel are greater in 
short compression members, where the rolumii effect is practically nil, 
than they are in tension members. Instead of the intensity for compres* 
gion b^ng specifi< <l lower than for tension, it really should have been 
made somewhat higher. The Quebec Bridge disaster, which, it is gen- 
erally acknowledged, was due to the failure of a compression member, 
has caused some engineers to think that compression members in all 
bridges have been stressed too high, but such is not the case, as that 
accident was due to faufty proportioning of section and to entirely in- 
adequate lacing, and not to the abnormally high intensity of working stress 
for compression, although it b true that the reduction of strength because 

of — was ignored and that the dead load used was far too small, thus mak- 
ing the actual tntenaittes of working stresses improperly high. In the 
author's opinion, there is no reason whatsoever to fear for the correo- 
ness of modem column formulae, provided that the designing and detail- 
ing of these members throughout be properly done, and that the work- • 
manship be truly first-cla.ss in ever>'' essential particular. Some experi- 
ments of his on full-sized eohiinns of lK)th nickel steel and carbon steel 
prove this. These experiments \vt re discussed at leng:th in Engineering 
Xeirs of Januar\' 16, 1*.K)8; and the complete record of the tests is given 
in. tiie Tranmction6 of the American Society of Civil Engineers for 1909. 
If the proper formula for compression members with hinged ends be 

^ I 
C = 16,000 - 80 — , 

r 

theoretically that for those with fixed ends should be C = 16,000 — 
40 because in the latter case the length of (x>Iumn between points of 

oontra-flexure is only one-half of that in tlie former: but practically the 
effect of some secondaiy stress must be considered. The amount thereof, 
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tilough not perfectly determinate, is known to be small; hence the author 
has assumed as a oompromise a ooeffident for I over r for fixed ends which 
is an arithmetical mean between tiiat adopted for hinged ends and ibe 
oomsponding theoretical one for fixed ends, yis., rixty (00). In writing 
the specifications of De PoniUnu he must have done this instinctive^ for 

web struts, because he adopted theiefor C » 10,000 — 00 — for fixed ends 

T 

I 

and C = 16,000 — 80 — for hinged ends, which formulse he now sees no 

r 

good ol)ject in changinin:. His reason for lowtTiiig tlic coiLstant of the 
formulte for chords and inclined end posts from eighteen thousand (18,000) 
to sixteen thousand (16,000) is mainly beeause the medium carbon steel 
furnished by the rolhng mills to-<lay is sunK wliai softer than it used to 
be fifteen or t wenty years apo; but he hiis also l)een influenced somewhat 
by the (^xistin?; general tendency of American V)ridge specialists to rtMkice 
the old compression intensities. For the web members he has made no 
change in the constant, becaust* subsequent experience has convinced him 
that the differences in strut intensities between chords and webs, as given 
in De PorUilmSf are unnecessary. 

As mentioned iM'fore incidentally, certain standard specifications, in 
order to provide for impact and possibly also «for other considerations, 
stress the metal a certain amount for dead load and one-half thereof for 
live load, irrespective of the length of spaa or the kind of member. This 
is a most unscientific method; and a little consideration will show that 
it is incorrect, because if it is proper for a beam hanger or a hip vertical 
where the shock is great, it certainly would be incorrect for a bottom 
chord, upon which the shock is comparatively small. Both theory and 
experiments have proved that a sudd^i, or rather instantly-applied, load 
produces just twice the distortion on any elastic material that the same 
load does wlien applied statically; l)ut no meniljer of a l)ridge receives 
its gnaic.st load absolutely iiLstantly; hence it is incorrect in proportion- 
ing bridge meinlxTs invariably to stress the metal only one-haU aci much 
for live load as for dead loiul. 

If one were to read a lunnber of the bridge si)ecihcations that an* 
considered standard in America, he would be struck by the great diver- 
sity of intensities of working stresses; for, in truth, no two such speci- 
ficatioiLs agree in loto on this question, and many of them differ widely. 
The principal reason:} for this divergence of opinion are tis foUoNNs: 

First. There is (|uite a ditTerence in the strength oi trie metal speci- 
fied, some using soft steel having an ultimate strength of between fifty 
thousand (50,000) and sdcty tliousand (60,000) pounds per square inch, 
others preferring medium steel with an ultimate strength from sixty 
thousand (60,000) to seventy thousand (70,000) pounds per square inch, 
and still others striking a mean by adopting metal having an average 
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oitimate strength of sixty thousand (00,000) pounds per square inch, or ' 
a trifle more. As explained in Cliaptcr III, tho manufactun^rs, for purely 
commercial reafioiis, prefer to furnish such metal, and they influence many 
engineers to adopt it in their specifications. 

Second, Tbi use or the non-use of the impact method of designing 
makes a great difference in the intensities employed; and, moreover, as 
en^eers have not yet agreed concerning the i^roper allowances for im- 
pact, the intensities they six^cify when it is included will differ materially, 
especially as they all appear to aim at practically the same ultimate 
result, for when the inij)a< L uUuwame is great the intensities are usually 
taken high, and vice versa. 

Third. As hffore .stated, some* railways continue to j^pecify one in- 
tensity for live loads and another much greater for dead loads, and this 
still further complicates the matter. 

Fourth. As previously mentioned, some engineers prefir to anticipate 
the future by lowering the intensities of working stresses instead of speci- 
fymg great c r loads than those at present in use on railroads. 

Fifth. Finally, the personal equation of the specification writer causes 
variations in intensities, sometimes large but generaUy small; and this is 
unavoidable, for there are still many things of importance to learn con- 
cerning both the characteristics of the manufactured metal and the action 
of bridge members under rapidly moving loads. 

The intenaties of working stresses adopted in the specifications of 
this treatise for medium and rivet carbon steels, as given in Chapter 
LXXVIII, are as follows: 

Tension on gross sections of eye-bars and reinforcing bars, on 
net sections of all built members, and on net sections of 



flanges of all beams 10,000 lbs. 

Bending on pins 27,000 lbs. 

Bearing on pins 22,000 lbs. 

Bearing on shop rivets 20,000 lbs. 

Bearing on end stiffeners of platc-girdcrs 16,000 lbs. 

Shear on pins 15,000 lbs. 

Shear on shop rivets 10,000 lbs. 

Shear on plate-girder webs, gross section lO.lXK) lbs. 

Bearing on expansion rollers, in pounds GOO (i, 



where d is the diameter of the roller in indues. 

For field-rivets the intensities for bearing and shear are to be reduced 
twenty (20) per cent. 

Turned bolts with driving fit are to be stressed the same as field rivets. 

I 

Compression, in pounds, on struts with fixed ends.. ..16,000 — 00 

I 

Compression, in pounds, on struts with hinged ends....l6,000 —.80 — 
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In these compression formula? I is th(> unsupported length of the strut 
in inches and r is its least radius of {[^^ ration in inches. I 

The intensities for working stresses adopted in the apeoifications for 
nickel steel, as pnven in Chapter LXXVIII, are the following. They have i 
been established on the basis that the least allowable elastic limit in speci- 
men tests is 55,000 lbs. per square inch for plate-and-shape steel and 
60,000 pounds for ^e-bar steel. In case that a still higher grade of niekel 
steel is procurable (as it certainly should be), all the intensltieBy ezoept- 
ing those for rivets, are to be multiplied by tiie ratio of the higher elastic 
lUnit to 65,000 or 60,000, acocMrding to the character of the steel under 



consideration. 

Tension on gross sections of eye-bars, 28,000 lbs. 

.Tension on net sections of all built members, and on 

net sections of flanges of ail beams 26,000 lbs. 

Bending on pins 45,000 lbs. 

Bearinu on pins 35,000 lbs. 

Bearing on shoji rivets ,., 30,000 lbs. 

Bearing: on end stiiieners of plate-girders 2b,0()() lbs. 

Sliear on pins 23,000 lbs. 

Shear on shop rivets 14,000 lbs. 

Shear on plate-girder webs, gross section, 16,000 lbs» 

Bearing on expansion rollers, in poimds, 900 d, 



where d is the diametw of the roller in inches. 

For field rivets and turned bolts with drivmg fit the intensities for 
bearing and shear are to be twenty (20) per cent less than those for shop 
rivets. 

Compression, in pounds, on struts with fixed ends....26,000-'110 

Cbmpresaion, in pounds, on struts with hmged ends....26,000— 150 ~- 

In these compression formuhp. as bpforo, / is the unsupported length 
of strut in inches anrl r its lea,st radius of gyration in inches. 

The preceding figures are for total wiuivalent static loads without 
wind loads added; but when the latter are also included the said figures 
are to be increased thirty (30) per cent. Members of lateral systems which 
are subjected to wind loads alone are stressed only as high as truss mem- 
bers for equivalent static loads, excluding wind. Objection has been 
raised to this on the plea that bridges are seldom, if ever, subjected to the 
full wind loads specified, and that therefore the intensities for members of 
lateral qrstems should be higher — possib^ as high as for the comblna* 
tion of all stresses includmg wind loads. The author has kept down the 
intensities for wind stresses for the foUowmg resflons. 

First, As modem lateral systems have ri^d intersecting diagonals, 
thefe is some ambiguity ui the divisioii of loads between them^ which 
ambiguity is new oonsidmd. 
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Secmid. All tbo dinKonals of modern lateral systems are liable to be 
subjected to stres^s^^s o[ either tc^nsion or comprpssion, and this reversion 
of stress is universiilly ip:nored, because with rare exceptions there are 
long intervals between reversals of groat magnitude. 

Third, The attainment of greatest possible stresses in lateral members 
is much mote likely than that of the greatest possibie combiiiation of 
total stresses, including wind, upon truss members. 

Fwrih, Keeping the intensitieB fairly low for members of lateral 
qrstans increases rigidity by preventing the ad(q[)tion of ver}- small sec- 
tions. It is possible that in spans of great length, in which the latesal 
diagoDals beeome heavy, it would be pennissible to stress the larger ones 
somewhat more thsn the specifications permit; but this sfaould not be 
done wi^ut giving the question serious consideration. 

All ol these figures for intensities of working stresses were arrived at 
after great delibefation and after a study of all the principal bridge sped- 
fieatiooB in use. They represent the aulhor's convictions as to what is 
best when ev^Tthing is considered; and an examination of other speci- 
fications shows that the practice of most scientific bridge engineers is in 
the iiuun closely in accord with them, after due account is taken of the 
diiierinf^ alluwuiices for impact. 

For the various kinds of timber used ordinarily in bridjie constniction 
the intensities of working stress in l)ending on the extreiiic filjics are 
taken as follows, the proper impact being added to the live load stresses: 



Long-leaf, Southern yellow pine 2,000 lbs. 

Douglas fir Pacifio Coast cedar 1,900 lbs. 

White oak , 1,800 lbs. 

Cypress 1,700 lbs. 

Bhortpfeaf yeUow pine 1,600 lbs. 



These figures differ a little from those given in Chapter LXXVni, 
the latter being for two general classes of timber, while 'the f<«mer 

differentiate between the various kinds. 

In addition to the ])receding, the specificatioiLs give the following 
intensities of working loads or p< rniissible pressures per square inch on 
the various substructure materials, when impact is included iu the total 



loads. 

« 

Ordinarily good sandstone 200 lbs. 

Yellow pine or oak on flat 250 lbs* 

Extra good sandstone (not metamorphic) 300 lbs. 

Hard brick laid in Portland cement 350 lbs. 

Ordinarily good limestone 400 lbs. 

Portland cement concrete 500 lbs. 

Eztm good limestcme 5501bs. 

Granitoid 600 lbs. 

Metamoiphic sandstone oi best quality 650 lbs. 

Gianite 800 lbs. 
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The prputcst alinwjihlo infcnsity of coniprcssivo strops in rcinfonM <1 
concrete beams is GIK) ix)untls; and whore two compressions at right 
angles (or inclined) to each other exi.st simultaneously, their resultant 
must be found before the intensity is applied. Or, more strictly speaking, 
after the girder is proi)ortion(Hl on trial the two compressive intensities at 
right angles (or inclined) to each other are to be figured and their resultant 
found. It should not emed the limit just specified; nor, for eooDomy, 
should it be much less. 

The author deems it advisable to give here a statement oi his reasons 
for adopting some of the various preceding intensities and to explain 
why certain ones diflEer from others for membersi of a similar character. 

The mtensity for bendmg on pins is much laiger than any of the 
other steel intensities, because experiments have shown that rounds de- 
velop veiy high renstance in bending. Agauii the figured bending on a 
pui is probably seldom aitamed, because the connected members so ad- 
just tbemselveB under load that the pin-bending is eased, although this 
can be done only by disturbing the equality of strem distribution on the 
said connected members and thus stn^ssing some of them unduly high. 

The intensity for benrinj^ on pins could probably be raised some two 
thousand (2,()(X)) pounds without violatln^i; the principle adui)f((l m the 
d(^igning of the celebrated "one-liorse shay"; but custom has (Iccrced 
that the l>earinp: intensity slmuld not be more than forty (40) per cent 
greaU'r than the tension intensity. 

Strictly sjx'akinfc, tin- 'ocarina intensity for rivets should lu-ir rtb(»ut 
the .same proportion to ;hat for pins as tin* ultimate strength of rivet 
steel does to that of me<liurn steel, or as fifty-five (55) is to sixty-five (Go), 
wliich would make it about eighteen thousand ^ix hundred (18,600) 
pounds; but, in reality, the most common ratio of ultimate strengths of 
rivet steel and medium steel is more nearly equal to ^^62» which would 
make the intensity for rivets alx^ut nineteen thousand five hundred (19,- 
.600} pounds. This agrees closely enough with the twenty thousand 
(20,000) pounds allowed in the author's specifications. 

The permissible shear on pins may appear abnormally hi^ as com- 
pared with that on riv<>ts, but it is practically a negligible consideration, 
because any pin which is large enough for bending and bearing will qualify 
for shear; besides, the general custom of American bridge engineers of 
late has been to allow fifteen thousand (15,0(K)) pounds for this intensity. 
Perhaps the shear on rivets has been made too small. In the first edition 
of I)e Pontibm the intensity specified was twelvr thousiind (12,0(X)) jx)unds; 
but in the si'cond e<lition this was ciiaiigt «l to t<'n thousand (10,UtX)j |X)unds 
on account of tlic prcviUence of the practice of using very soft steel for 
rivets. The reduction of twenty (20) per cent in the int4'nsities for field 
riveting is altout right when tlic rivets are driven by hand, Init it i> loo 
great for those (ln\en by pneumatic power. TTowcver, the auth<»r does 
not believe that the proper time hsm yet arrived lor making a change in 
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this requirement, as there are still a great many fieU rivets being driven 
in the old-fashioned way. 

Tho tension allowed on the extreme fibres of timber beams mav, at 
first thought, ap|Mar iibnornially high; but it must be rememberiMl that 
this applies mainly to the floor tics of railroad bridges on which the im- 
pact allowance is over ( iir hundred (KK)) i>er crnt. Specifications in 
which impact is not provided for give this intensity from one thousand 
(1,000) to twelve hundred (12(X)) pouinls. 

The permissible pressures jkt stiuare inch on the various kinds of 
masonry have been determiuixi l>oth by the author's experience and by 
the practice of other engineers. They may appear to some engim^ers to 
be high, but it must Im* rememlxjred that they are to be apphcd only to 
total loads which include an allowance for impact. Moreover, they are 
fidjusted for stone and concrete of first-class quality and not for the in- 
ferior materials which are too often used in bridgework that is done with- 
out proper engineering supervision. 

The ntunerous references m this chapter to the ultimate strength of 
metal might lead one to supixjse that it is the sole criterion adopted in 
determining inteiisitii'S of working stresses; but such is by no means 
the case, for tlie true criterion is th(» ehistic limil. It was usihI thus — 
the inten.«<ity for the ordinary combination of stresses, i-xeluding those due 
to wind, wiis niach: al»out one-half of tlie niiiiinnuu elastic hniit that is 
alIowe<l in the specifications, and tlie combination inchiding wind Wiis 
f»*.'nmtteil to stress the metal thirty (30) })er cent lii^her. But ius the 
elastic limit generally runs some five thousiuid (5,000) pounds or more 
|x*r srjuare inch above the mininnun allowable, Jiud as the combination 
of dead load and the greatest specified live, impact, and wind loads is 
almost an impossibility, it is evident that the metal will rarely, if ever, 
be stressed higher than one-half of the elastic limit. On the otht r hand, 
it must not be forgotten that the elastic limit of the specifications is that 
of commerce, as detennined rather quickly by the drop of the beam, 
and that the true elastic limit is usually at least two thousand (2,000) 
pounds per square mch lower; and also that the effects of secondary 
stresses are usually ignored in bridge designing. 

In the case of reversing stresses the author prefers to make arbitrary 
combinations of the opposite stresses and a<lh(T<' to the usual inteiLsities 
rather than to provide separate intensities for the svun of the two stresses. 
But f(jr those unusual combinations of stresses into which the theory of 
prof)al)i!ities enters, as explained in the jireceding chapter, he prefers to 
increase the established intensities l)y certain p<Tcentages. 

Just as the first of the manuscript of this book wtis alxiut to be sent 
to the printer, the author's attention was called to a description of the 
Metropolis Bridge over the Ohio Kiver on the line of the Chicago, Bur- 
fington, and i^umcy Railway, published in Emjineering JVet/ s of July 20, 
1915, the nnmiiTif d pointy of mam interest being the use of siticon steel 
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for the built members of the truss^. There is another feature of this 
deeigo, though, which, in the author's opinioiii is of even more impor- 
tanoe than the emidoyiiieQt of a new alloy of steel, vis., the strildog vari- 
atkm fram adopted practioe in the assumption of live loads and unit 
stresses. The live load was taken about twenty-eig)it per cent larger 
than any hitherto specified hi bridge construetHKi; but» on the other 
hand, the impact allowances are lower than those yrbkitk are known ac- 
tually to exist, and the metal is stressed about twenty-five per cent lui^er 
than the standard present practice allows. Such befogging of verity in 
engiiKH'riiig work is to be deplored. Its effect, to say the least, is bewil- 
dering and far from conduei\'e to a true valuation of the capacity of the 
structure. Here can be effectively a])i^li('d the old proverb, "Two wrongs 
do not make one? right." When one liears that the live load adopted 
corre^pond.s to what might be called Cooper's Class E 90, lie will have 
altogether too high an opinion of the carr\'inq; capacity of the bridge, un- 
less at the same time he is told that the metal is stressed fully twenty- 
fi\'e per cent higher than good practice permits. On the other hand, 
should one learn that in the design unit stresses up to two-thirds of the 
elastic limit had been adopted, he would consider the structure unsafe, 
if he did not know about the enormous assmned Uve load. The author 
begs to close this chapter with the emphatic statement that the only 
proper way to design a bridge to meet future requirements is to assume 
a live load as great as one thinks can ever come upon the structure, make 
impfkct allowances that are in accord with the professional knowledge 
of the times, acquired by the latest and best eiqperiments, and stress the 
metal up to one^half of its ekutlc limit 



Digiiized by Google 



CHAPTER XV 



FIBST PRINCIPLES OF DESIGNING 

Both the student and the practitioner in bridge-desgning will do well 
to recognise and bear oonstantiy in mind certain first prindples of design; 
and to enable them to do so, the author offers the following, which he 
oonsiders will cover the essential fundamental principles that should gov- 
ern the designing of all structural metal-work. Most of these will be re- 
peate<i in the "General Specifications" given in Chapter LXW'IIl, under 
the heading, ** General Principles in Designing all Stnictures," for the 
reason that the said specifications would be incomph't*' without them. 

Tlie reason for this special chapter being devoted exclusively to these 
general principles is that the subject is of the utmost imiK)rtance, and 
needs much more elaboration than could properly be given it in speci- 
fications. On this account the statement of each principle herein will 
generally be followed by remarks of an explanatory nature giving its 
raiftm cTlfre or application. It is to Ix' noticed that the numbering <kx*s 
not agree with that of the General Principles'' in Chapter LXXVIII. 

The attention of the reader is called to the fact that this chapter is 
by far the most important one in the book, in that it contains in a con- 
centrated form the most important conclusions drawn from the author's 
entire experience in his chosen specialty. The principles given have been 
estabUshed mainly by observation of the mistakes of others, and in a 
few cases, it must be confessed, by those of his own. Few designers care 
to niake pubUc their errors for fc.ir of the result Inking to tln^ir disadvan- 
tage; nevertheless far mure is learned from the mistakt's of (•(•nstnu-licju 
than is discovered in any other way. The aullior would therefore sug- 
gest to the reader that he peruse this chapter carefully more than once. 

Pbincifle I 

SimplicUy is One qf the Highest AttribiUes of Good Designing. 

It Is generally by means of a wide experience only that the young 
bridge engineer learns the truth of this assertion; l)ut the older he grows 
and the more knowledge he acquires the more convinced does he become 
that simphcity, not only in design hut also in methods of executi<)n of 
work, is one of the most important dcsidcnita. Other things being equal, 
that design which is the most simple, or contains the fewest parts, or in- 
volves the easiest connections, is the one which will be preferred by com- 
petent judges. 

2&7 

» 
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Fbingiflb n 

The Easiest Way's the Best, 

Although this principle waft not enunciated origjnany hi lelation to 
structural work, it nevertheless applies to it just as well, for the most 
successful engineer is he who in a given time can accomplish in a satis- 
factory manner the greatest amount of work. This he can do only by 
the use of every lalx)r-.saving device of real value, by systematizing^ to 
the greatest [)racticable extent all tliat he does, and by making a thorough 
study of true economy of time and labor. 

Pbimcifle III 

llie System fzdl ton of All (hoi (hx l)(u.< in Connection trilli His Pn^ffssional 
Work is One of the Most ImporlaiU iSleps lluU can be Taken Toward 
the Attainment oj Success, 

. • 
Nor is this by any means all that can be said in lavor of estaUishing 
a tbonnigh system of doin^; work : because, in the first place, such a sys- 
tem enables one to accomplish a great deal in a very short time, and, 

in the second place, it is a subject of the deepest satisfaction and grati- 
fication to the man by whom it was evolved. 

Principle IV 

TJiere is an Inherent Sense of Fitness in the Mind of a Well-Trnine/1 and 
Well-Bdlanced Designer, trhich Sense of fUness is of Uie Greaiest 
Importance m all LluiL lie Does, 

It is this sense of fitness which enables him often, when inspecting the 
work of other designeis, to see at a glance faults and fiaws that would 
escape the observation of an untrained man. This faculty of rapid and 
correct judgment is one which can be developed, and one that should re- 
ceive constant attention throughout an engineer's entire career. It is of 
special value in an office which employs a large number of draftsmen and 
( (nni)uters, all of whose work has to be checktnl by the head of the office 
or by ;i reliable as^^istant. Nor is it only in connection with the work of 
others that this faculty is valuable, for it is often serviceable t« an engi- 
neer on his own ]iersonal work, perhaps even without his l)eing conscious 
theret^f, "^aving him from making errors which jMue theorj' might not 
enable him to detect, or which the authorities in liis line Iimvc! not yet 
recognized jis errors. An example of this occurred some yeara ago in the 
author's practice which will' serve to illustrate the point. 

In proportioning reinforcing plates at pin-holes, especially for hinged 
ends, the author had made a practice of instruct inq; his draft-riKMi to ex- 
tend these plates considerably beyond the length required by the theo- 
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retical number of riv'ets nece-ssfiry for the connection, without liis l)eing 
able to give any valid or scientific reason for so doing. By some experi- 
ments nuuie later upon the ultimate strength j( certain columns with 
Mngetl ends, the results of which were publisheil in the Tramactions of 
the Engineers' Society of Western Pennsylvania, Thomas H. JohiLson 
showed that such pin-plates, unless eictended beyond the length requin^d 
fay the theofetical number of rivets, fail before the full strength of the 
compression member is developed. 

PRINCIPLB V 

There are No Bridge Spedfications Yet Writlen, and there Probably Never 
WiU he Any, whieh wiU Enable an Engineer to Make q Camplele 
Design for an Jmpcuiant Bridge wilhotU tleing His Judgment to SeUle 
Many Points wkieh the Spedfications Do Not IhorougKty Cover; or as 
Theodore Cooper Puts It: The most Perfect System of R'viUe U> Insure 
Success Must be Interpreted upon the Broad Grounds ef Professional 
InteUigenee and Common Sense, " 

At first thought one might conclude that this speaks badly for modem 
standard bridge specifications, and to a certain limited extent he woUld 
be right; for while it is quite true that r:iil way-bridge specifications gen- 
erally fail ta cover the enture ground of ordinary bridge-designing at all 
adequatdy, or nearly as thoroughly as they mi^t readily be made to do, 
nevertheless it is also true that the science of bridge-designing is such 
a profound and intricate one that it is absolutely impossible in any sped- 
fication to eover the entire field and to make rules governing the scientific 
proportioning of all parts of all structures. 

The author, however, has done his best in Chapter LXXVIII of this 
treatise to render the last statement incorrect. 

I'lil.Nc ll'LE VI 

In Every Detail of Bridge-Designing the Principles of True Economy Must 
be A pplied by Every One who desires to be a Stuxessful Bridge Engineer, 

This subject is such an important one that to its consideration a whole 
chapter has been devoted. 

PRlNCli'Li:. Vn, 

In Bridge-Designing Rigidity is Quite as Important an Element as is 
Mere Strength. 

In fact, each of these properties is dependent upon the other, because 
if fi structure be amply proportioned in its main members for the assumed 
loads, but improperly sway-brace d, the actual dynamic stresses will be 
greatly in egcoess of the hve-load stresses provided for, and the metal 



Digiiized by Google 



270 BBIDGB XNQINUBINO CHAPrnXV 

will be overstressed in consequence; while, on the other hand, if rigidity | 
be provided for by ample sway-bracing, but at the same time the main 
members of the structure be not adequately proportionedi the oventressed 
metal of the latter will cause vibration to be set up in s;)ite of the suffi- 
oienipy of ST\':iy-brnring. Both of these faults are to l>e found in existing 
struotuies. The effect of the first fault is usually the gradual wearing 
out of the structure by impact and rack, and that of the second the sud- 
den collapse of the bridge without previous wammg. 

Principlb Yin 

The Strength of a Simcture ie Measured by the Strength of iU Weakest PaH, 

This statement is as old as the hills, but is just as valid today as it 
ever was. The ignoring of its prime importance is constantly the source 
of waste of metal in structures, fimdaiDcntally weak in certain portions, 
by increasing the weights of other portious, and thus adding to the total 
load that the weak parts have to carry. 

FamoFiM IX 

• 

In BrUlge^DeMgning Promsion M a.sl Always be Made for (he Effccl of Im- 
pnci, eilhi;r by IrLcreasircj the Calculated Total Strei^fies by a Varying 
Perc/.nfage of the Li're-fjyul Stresses, or by Decreasing the lutcrisilies 
of Working Stresses below those Allowed for SUUicaUy Applied Loads, 

Different spedficattons aooomplish this result differenily» bat the 
former method k undoubtedly the more sdentifiiO and ratkmal one. 

Principle X ' 

In Making the Oeneral LayaiU of any Sbruduret Due Attention SheM he 
Qioen to the Arthiiedural Effect, eoen if (he ReeuU he to Inereaee Uie 
Coet Somewhat, 

There is no feature of bridge-<iesigEung which has been ignored in 
Amerira to such an extent as has this; and it is only of late years that 
even M few American engineers have paid any attention idiatsoever to . 
asthetics in that branch of engineering. The subject is such an important 
one that to its considerataon an entire chapter of this book has been specially 
devoted. i 

Principle XI 

For the Sake of UniformUy, and to Conform to the Unwritten Lam of FOnesBf 
It Is Often Necessary in Bridge-Design ing to Employ Metal which Is Not 
BeaUy Needed far either Strength or Rigidity. 

The designer yfbo reoogniies this fact will usually produce structures 
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of finer appearance tliau the designer who ignores it because of iai^se 
notions of economy. 

Pbinciple XII 

Bifan Starting a Den{gn 0ns 8hoM Obtain Compltte Data Thmfcr. 

If he fails to do sOi he wiU generally have to make alteration after 
alteration as the work progresBes; and, as one change usually entails 
several others, it will result that, by the time the work is finished, enough 
labor will have been eipended thmon to eomplete two sueh designs for 
which proper data were furnished at the outset. 

TsssctFUt XIII 

Ths BvikUng qf a Skew-Bridge Shnukl Always Be Avoided when it is 

FradicabU. 

It is often possible to square the crossing either by swinging the centre 

line or b}' lengthening the span and squaring the piers or abutments. 
Soiiu'iimes, however, it is not practicable to do either, in which ciise the 
engineer must make the best of a bad business. The ol)jeetions to a skiw- 
hridp;e are thest': First, it is fully twice as troublesome to design as a square 
>truclur'^'; second, the liability to error in lx)tii shop and field is greatly 
increased hy the skew; and, third, the resulting bridge is never so rigid, 
nor is it so satisfactory^ in a number of other particulars as a bridge 
without this objectionable feature. 

Pbinoflb XIV 

The Best Modem Practice in Bridge Engineering Does Not Ccmienance Has 
BwMing of Structures Hosing More than a Single System of Cancdlar 
iionf Except in Lateral Systems where ike Resulting Ambiguity of Stress 
Distribviion is of Minor Importance. 

Some engineer may question the correctness of this assertion; but if he 
will i^anoe throned the author's paper on ''Some Disputed Fdints in 
Railway-Bridge Designing/' published in the February and March, 1802, 
number of the Transactions of the Am^can Society of Civil Engineers, 
and rqiroduoed in Mr. Harrington's book entitled "Frindpal Professional 
Papers," he will see that, as a whole, the engineering profession endcnses 
the statement. 

PftmciPLB XV 

The Emploi/ment of a Redundant Member in a Truss or Girder is Never 
Allowable under Any Circunustancss, unless it }>c in the Mid-Panel of 
a Span Hosing an Odd Number of Ponds, in Which Case, for the ScJbc 
of Appearance, Ttoo Stiff Diagonals Shoidd be Used, 

The icaaon for thi^ is pehucliy clear when one considers that it takes 
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extra nietal to build the «iid mhindant memlMT, Jintl that its use ups<'ts 
the calrulationg of «tro^•ses, ivnckring thorn in fact insolval)l('. A lenp^thy 
treatise was pubHshed some years ago in Imha ujxhi a metho<^l of finding 
stn in redundant nienii)ers, in which much good mental energy' was 
wasted, for the entire book might have been WTitten in these four words: 
"Never use such members." It is not often that an American engineer 
is found guilty of employing unnecessary pieces in his desigoSy but one 
cannot say the same of his European brethren. 

Principle XVI 

The U» €t a Cuned Strut or Tie in Bridge-Designing for the Sake of Ap- 
pearance {or for Any Other Reason) is an Abomination thai Cannot 

for an Instant be Tolerated by a Good Designsr. 

It is hardly necessary to make such a forcible remark as this to Ameri- 
can engineers, although ui travelmg about the United States one occasion- 
aliy runs across a violation of the self-evident underljdng principle involved 
in this statement; but the published records of* somo of the greatest 
bridges designed by English en^neers show the use of pieces of trusses 
so curved that actually there is compression on one extreme fibre and 
tension on the other. Architectural effect is imdoubtedly a very com- 
mendable feature in bridge-designing; but its adoption is no excuse for 
the violation of the fundamental principle that every compression or ten- 
sion member of a truss or open-webbed girder should l>e absolutely straight 
from end to end. It seems almost unnecessary to state that the a])pear- 
ance of curvature can be obtainect by employing short panels and making 
each chord-length straight between panel points. 

Princiflb XVII 

In All Struciural Metalwork, Excepting only the Machinery for OperaHng 
Movable Parte, no Torsion on Any Member Should be Allowed if il 
Can Possibly he Avoided; Otherwise, the Chrealest Care Must be Taken 
to Provide Ampls Strength and Rigidiiy for Every Portion qf the Sbruo- 
tare Affected by Sudi Torsion, 

It is not often that this question arises; nevertheless it is sometimes 
forced upon the consideration of the engineer. It came up once in the 
author's practice in the case where an elevat<d-railroad exit-stairway, 
having at mid-height a landing and a 180-degree turn, had to be supported 
by a single column in order to comply with the demands of adjacent 
property owners. 
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Pbinciflb XVUI 

The Gravity Axes of All the Main Mcinbers of Trusses and Lateral Systems 
Ccmiiig Together (U Any Apex of a Truss or Uirder Sfmild hUersecL in 
a Point whenever such an Arrangement is PrartindAc; Otherwise, the 
Greatest Care Must be Employed to Insure that All the Induced Stresses 
and Bending Mcmente Caueed by the EooentricUy be Properly Provided 
For. 

This is an important rule that has hovn more often honor(»(l in the 
breach than in tiie ol)servanee; in fact, it is only lately tliat Amorican 
bridge designers have begviii to recognize its importance. Lwn today 
there are not built many ordinary steel highway bridges in which the 
desired iotersection in a fcingle point of the axes of ail members assem- 
bling at each apex is accomplished; and in most of these structures where 
eccentricity exLstB for want of such intersection, its projudicial effects are 
not duly leoognised and provided for. 

Phinciple XIX 

Truee Members and Portions of Truss Members Should Always be Arranged 
in Pairs Symmetrically about the Plane of the Truss, Except in the Case 
of Single Members, the Axes qf Which Lie in the Said Plane qf Truae, 

One occasionally sees a violation of this princijile, especially in old 
bridges; but exi)crience with structures in wliicli it was ignored has been 
such as to show most clearly that this cannot be done with impunity, for 
the torsion resulting from eccentrically cuunectcd members is patent even 
to the umuitiated. 

Principle XX 

In Proportioning Main Members of Bridges, Symmetry of Seciion about Two 
Principal Planes at Right A ngles To Each Other ie a Desideratum to 
be Attained Whenever PtacHcabie, 

Of course, in t()i)-chord and inclined end-post S(x;tions, which almost 
always should be designed with a cover-plate, symmetry al)out both 
principal planes is not attainable. The ol)jectionable features caused by 
want of it, however, are provided against by the next ''principle." 

Pkincipls XXI 

In Both Tension ami Compression Members the Cenfrt Line of Applied 
Stress Must Invaritdily Caineide with the A.nnl l\i(jht Line I'assing 
through the Centres of (iramty of all Cross-Svdions of the Member Taken 
at UighL AnyLes liter do. 

Until a few years ago this important principle was simply ignored, 
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the effect bemg that the allowed intensities of working stresses wer«^ of ton 
exceeded by from fifty to oae huudred per cent because of the eccentricity 
thus involved. 

Fbincifls XXII 

The rrincipk. of Si/mrfiefry in Designing Must he CarrieA Even into the 
Riveting; and Groups of Rivets Must be Maile to Balann ahoui Central 
Lines and Central Flanes to as Great an Extent as is Practicable, 

The vioiattoii of this principle was exceedingly common not very 
long ago; and even today, when checking the shop drawings of some of . 
the leading bridge-manufacturing companies, the author's assistants have 
to correct occasional departures from it. 

PfiiNaFLE XXm 

Unless there be So7}ie Gajxi Constructin Jiea^on Xcccssitating tJw Contrary, 
Every Compression Member Should be So Designed That the Metal is 
Kept as Far from the Tir(/ I'l invipal Axial Plane.'i as Uie Rules of 
Good Froporlioning Will Permit, in Order to Make the Radii of Gy- 
ration as Large as Practicable. For Economic Reasons the Two 
Principal Radii of Gyration Should he Made as Nearly Equal to 
Each Other as the Controlling Conditions WiU Allow, 

It was a violation of this principle that was the underlying reason 
for the mistake in design whidi caused the great Quebec Bridge disaster. 

Principle XXIV 

Every Compression Member Should be So WeU Provided with Lacing or 

Latticing and Stay I^lates, that Were the Piece Tested to Destruction 
it would Fad as a Whole and \ot by Reason of the Details. For Chord 
Sections a ContinuAnis Corer-Plate Should be Used W'heJiever Prarticablf, 
and for Very Large Chord Sections Tu o Covers Should lye Adoptid, One 
above and One Below, Provision being Made to Permit Thorough Interior 
Painting, 

* 

Defective latticing, combined with the violation of Principle XXIII, 
was the mistake in diangn referred to ui the comment on that ''Principle.*' 

Principle XXV 

In ProporUaning Members of Bridges to Meet Stresses and Combinations 
of Stresses it is Important to Consider Duly the Quality^ Frequency, 
and Probability of the Action of the Said Stresses or Combinations of 

Stresses, 

As a rule, standard specifications take care fairly well ol this subject; 
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oeverthelesB there will often occur in one's practice cases which they do 
not cover, for instance, in the designing of high trestles. In such cases 
the frequency of application of stress should be considered; because, if a 
certain stress or combination of stresses be of frequent occurrence, the 
usual intensity of working stress should be adoi)ti(l, while for very in- 
frequent occurrences the said intensity can, with perfect safety, be taken 
considerably higher. Agiiin, the probabiHty of the ai>i)hcation of a cer- 
tain load or loads should be considered; because for inevitable loads or 
combii Kit ions of loads the metal should 1m' stressed as is usual, while for 
higlilN iiii)>r(>bable loads or combinations of loads it is legitimate to stress 
it much higher. 

P&iNaPL£ XXVI 

In AU Main Members lldvimj an Excess of Section above thai CaUed for by 
the Greatest Coinhinatiofi of Shrsses, the Entire Detailing Shonid }>e 
Proportioned to VorrPKpond with the Utmost Working Capacity of tlie 
Member, and \ot Merely for the Greate^^t Total Slnm to Which it May 
be Subjected. In this Connection, thou{jh, the Reduced Capacity qf 
Single Angles Connected by One Leg only Must Not be ForgoUen, 

It is almost needless to state that meet engineers, especially those 
connected with conliacting companies, will disagree with tlu' author on 
ihe correctness of this statement; neviTtheless the latter has yet to s<^<> 
the first case where adherenci^ to the principle would involve imjiroper, 
clumsy, or in-ippropriate construction. If it be right, for any rejison, 
to use an extra amount of metal in the section of a member, why is it 
not also right to design that member througliout so that, if testwl to 
destruction, it would fail as a whole and not in a detail? It seems to the 
author that the considerations which require extra section would demand 
either extra strength or extra rigidity, or both, in the details as well as 
in the section itself. 

PWNCIPLB XXVII 

In Every Bridge and Trestle Adequate Provieion MxAei be Made Jot Contraction 

and Expansion. 

Neglecting to comply with this principle has often been the cause of 
failure and disaster. 

Principle XXVIII 

No MaJtUr How Great Its Weight May Be, Every Ordinary Fixed Span 
Should he Anchored Effectively to tie Supports at Each Bearing Thereon, 

At one end it should be anchored immovably, and at the other so as 
to provide for longitudinal ex})Hn.sioii ami contraction. Such anchorage 
prevents the disloilging of ihi". structure by wind-pressure or by an acci- 
dental blow from a moving object. It also prevents the structure from 
creeling. 
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Pbinciple XXIX 

The Bridge-Designer Should Never Forget that it is Efifieiifi(d tkroxighmd 
Every Design to Promde AdeqiMlc (Hmraiwe for Packing, and to Leave 
Ample Uoomjor Assetnbling Mmnbers in Confined Spacer, 

There is no more fruitful source of profanity for bridge-ereetovs than 
the negl(;ct of this principle; and as nearly every designer has to spend 
a year or two in leanung to allow enough clearance, it follows that the 
said bridge-erectors should bi^ given the benefit of "extenuating circum- 
stances" when lirought to judgment for their notorious addiction to the 
use of strong language. 

PiUNCIFLE XXX 

AUhongh for Various Re/ison.<t Engineers ore Agreed flint Field-Riveting 
Should he Riduced to a Minimum, such on Opinion Should not Ite. 
AUoweA to M Hi tide Aguinsi the Fmptoyment of Rigid Loterol Systems. 
All Designs Should be Arranged no that tlie Field-HiveU May be 
Driven lieadUy, 

One of the main reasons for the unsatisfactory condition of most of the 
older elevated railroads of this country is that their designers endeavored 
in every possible way to avoid field-riveting, in order to keep down the 

cost of erection; and in so doing they faileil to develop the requisite 
amount of ri.uidity in the structures. The r<*sulf is that many parts of 
those struct ufcs liave to be either n'inforced or removed, as can be seen 
at almost any time in New York City. 

• 

PkinJiple XXXI • 

Rivets Should Not be Used in Direct Tension, 

In the days (if iron rivets this was an important requirement, for the 
reason that the shanks were often so overstressed in cooling that the heads 
would fly off; but thiii does not occur with steel rivets. Nevertheless 
it is advisable to adhere to the rule, eiccept for veiy unimportant members 
where there is a great excess in the number of rivets above the theoretical 
requirements. 

PmNciPLE XXXII 

4 

For Members qf Any Importance Two Rivets do not Make an 

Adequate Connection. 

For such details as lattice btu^, of course, two rivets or even (me rivet 
at each en<I will suffice; but where a direct calculable stress comes on 
the piece and only two rivets at each end are uwhI, it will be found that 
they will work loo^e, while if three are employed, they will notn unitfwft 
th^ are ovorstressed by the calculated stress oa the piece. 
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PBINCIPLt XXXIII 

Iktigns Mtut IrmariMy be Made so thai AU MeUdtoork after Erection 
ShaU be Aeceeeible to the PaitU-Bmsh, Except, of cowee. Those Sur- 
faces Whidi Are in Close Contact either with Each Other or tpith the 
Masonry. 

This clanfie*very properly cute out the use of ordinary dosed columnyB, 
which used to be a fruitful source of condemnation of old bridges. 

PRDfCIPLB XXXIV 

In MvUiplO'Trade SirudureSf if Any BradnQ'Frames be Used between 
Panel Points or Bearings to Connect the Adjacent Stringers or Longi- 
tudinal Girders of Adjoining Trades^ they Must be Designed without 
Diagonalst in order to Prevent the Transference of Any AppredabU 
Portion of the Live Load fnm One Pair of Girders to Any Other Pair. 

Such a tnuisforonco would be doubly injurious, because it would 
throw on some of the girders more live load than they were proportioned 
to carry, and at the same time it would probably overatreHK the diagonab 
and their connections, and would certainly tend to distort laterally the 
flange angles of the longitudinal girdeTs on account of the induced torsion. 

Principle XXXV 

In BridgeSf TretdeSf and Elevated Railroads the Thrust from Braked Trains 
and the Traction Should be Carried from the Stringers or Longitudinal 
Girders to the Posts or Columns without Producing Any Horizontal 
Bending Moment of the Cross^Oirders. 

This is a requirement of the author's that h:us Ixcn employed in his 
designs for many years. Its correctness was established in his paper on 
Elevated Raibroads.* 

PmNapLB XXXVI 

In Trr^'itJfs ami Elevated Radroads the Colunifwi Skoidd be Carrie I up to 
the Tops of the Cross4jirders or Longitudinal Girders and im Ejfectiuely 
Riveted Thereto, 

The f'orrectness of this proposition also was established in the said 
paper on Elevated Kailruads. 



•This paper was originally publiBM in the Tnuuactions of the American 
Soriety of Civil Engineera in 1807, and was afterward incoiporated in Mr. Harrington's 
oompilation of the author's lYindpal Profe&iional Papers.*' 
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Principu:: XXXV li 

Every Column That Ads <is (i Beam nlsa Shifuld Have Solid WiJ>s <if Right 
Angles to Each Other, as No Reiiunce Can be Placed on Lacing to Carry 
a Transverse Load Down the CUumn, 

The truth of this propodtiQn is evident when one reflects that a single 
loose rivet or single bent laeing-bar in the whole line of lacing will pre- 
vent the latter from carrying as a web a transverse load. Txx)se rivets 
and bent lacing-bars arc, uiiiorluiiaul^ , not uncommon in structural 
mctaiwork. 

Fbinciflb XXXVIU 

In Trestles and Elevated Railroads Evaj Cohimn should be Anchored so 
Firmly to its Pedestal thai Failure by Overturning or Rupture Could 
Not Occur in the Neighborhood <^ the Foot, if the Bent Were Teeted to 
Deetrvdum, 

As long ago as 18'.>1 the author di'siijncd pcdc'stals which involved 
truly fixo<l ends for column feet; but it was s(»v(Tal years later l>ofore 
such a detail began to come into g<'n( ral use. The ordin;ir>' old-style 
comicction of columns to jx <!< -tals by an anchor-bolt at each oi the foUT 
comers of the bed-plate is extremely weak aad ine^tective. 

Pbinciplb XXXIX 

AU Pedestals for Trestles, V^ioducl^, and EUrnied Railroads sliould be 
Ruisetl to sueJi an Elevation as to Prevent the Aeeuniulati(ai of Ihrt and 
Moisture about the Cohitfui Feet: and All Hoxed Spams in the Latter 
Should be Fiiled with Extra-Ridi Portiand-Cement Concrete. 

The neglect of these precautions causes the rapid deterioration of the 
metal at bases of columns, and thus i^ortens the life of the structure. 

PlUNtiPLE XL 

In Designing Short Members of Open-Webbed, Riveted Work, U is Better 
to Increaee the Sectional Area of the Pteoe from Ten to Tvsemiy-Viee 
Per Cent Qum to Try to Develop the Theoretical Stn uyih btj lUin^ 
Supplementary Angles at the Ends to Connect to the Plates, 

This principle is based upon the results of some tests of the author's 
on the strength of single angles and pairs of angles attached by one leg 
only, by which it was found that 6'' X 33^'' angles connected by the long 
leg developed ninety per cent of the ultimate strength of a flat bar of 
equal net section, and that 3'' X 3" angles connected by one leg only 
developed seventy-five per cent thereof. 
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PiUNClPLE XLI 

Slar-Strut.s formrd of Two Anylis irith Occa^siotwl Sh/rrt Pieces of Angle or 
Pliiie for SUnjiny ituim Do Not Make SatisfacU/ry Compression Metn- 
bers. Better liemUa are Obtained by Placing the Angles in the Form 
of a " T." 

The truth of this statement was establU^ed hy another series of ex- 
periments of the author's made at the same time as were th<» last-men- 
tioned tests. The specimen columns did not develop on th»* average more 
than seventy-five piT cent of the resistance they should have realiztnl 
according to the usual straight-line formula for metal of the same tensile 
strength. 

Principle XLII 

In Making EsttJfwte^s of Weights of Metal the Computer Should Always be 
Liberal in AUomngfor the Weighi of DetaiU 

It is the author's exp€Tienee that, in nearly every ease, the weight of 
the finished structure exceeds slightly the estimated weight, and mainly 
(»n account of the use of more metal for details than was figured upon. 
Of course, if one sets out deliberately to "skin" a I)ridi2:e so as to save 
all the metal he can, the actual weiglits of details may be made to under- 
run the estimate; but such a practice is most reprehensible. 

Principle XLIII 

In the D€si(jfi of Any MonoliOiic Concrete Structure, Projur Considcrotion 
Should be (iiven to the Stressip^ Hesuliin<i from the Conl/nuifti Tlu rcof, 
and Reinforcement Should he Placed Wherever Retired lo Prevent the 
Formation of Unsightly or Dangerous Cracks, 

It is not to be inferred from the al>ove principle that the author is 
in favor of spending a great amount of time in an atteni])t to make an 
exact analysis of the stresses in the various parts of such a structure; 
but the approximate values of such stresses should be computed, and 
due provision should be made therefor. 

Principle XLIV 

In Designing xiny Reinforced Concrete Structure, Proper ConMderation 
Should be Given to All the Construcfion Joints which ui'U be Requiriul; 
ami if it is Found Impracticable to Aroiil Sherorifuj Stresses on any 
Such Joint, the^se Stresses Mu.st l)e Fully Prorided For, either by 
Keying or by the Use of Properly Placed Heinforcing Bars. 

Remforeed concrete structures are usually monoliths; but construe- 
joints are nearly always required at various stages of the work, and 
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ihc coiKTcte at sucii joints is to be relied on for little else than direct 
compression. 

l^iUNCIPLE XLV 

Care Must Be T nk( n to See thnt (lu Fall Slrrmjtli of Erery Hrinforciiuj 
Bar is Proptrly Developed at the Point where the iSaid tStretiglh i.s 
Requiitd, 

Pkinciple XL VI 

Sharp Bends in Reinforcing Bars Carrying Stress should Always be Avoided. 

PuiNcirLE XL\'II 

Loose Stirrups Placed Diagonally in Reinforced Concrete Beams are of Very 

Little Value, 

Pkinciple XLVIU 

In General, Detaila Must Alwaffs be Proportioned to Resist Every Direct 
and Indirect Stress that May Ever Come upon them under Any Pos- 
sible Condition without Subjecting Any Portion of their Material to a 
Stress Greater than the Legitimate Corresponding Working Stress, 

This principle involves the whole theory of bridge detailing. 

Pbinciple XLIX 

The Science of Bridge Designing Lies Mainly in the Detailing, 

If tlie n :i(l<'r who has pcnisod carefully the ])rece(linp "prirn'iplos" is 
not coiivinctMl of \\w correctness of this statement, he certainly will be- 
come so after a few years spent in making bridge computations. 

PlUNCIPLE L 

There is Bui One Coned Method of Checking thoroughly the Entire Detailing 
of a Finished Det^iyn for a Structure, viz.: "FcUow Each Stress Given 
on the StresS'Diagram from its Point of Application on One Main 

Member until it is Transfened CouipUlely either to Other Main Mvia^ 
bers or to llic Suhstnuiure, and See Thnt Each Plate, Put, Rivet, or 
Other I h tail h;j which ft Trarris htL-< Sufficient Strength in Everj/ Par- 
ticular to Rf.sisf Prapriltj the Stress (hat it thus Carriers; Cluck aUn 
Uu Sizes of such Part>; as Shi i^-i 't<it< s and Lacing, ivhich Are Xot 
Affictcd hif thr Stresses (,'ircfi on the Uuujram, ami See thai the JSuiU 

Sizes are in Conformily wiili the Beat Modern Practice,' ' 

But to do all this as it should be done necessitates the oomputeor's 
boing, in the truest sense of the term, an expert of the highest order in 
all branches of bridge designing. 
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DETAILING IN GENERAL 

As stated near the end uf the pHH^cdinpf rhaptcr, the science of bridge 
desi^iii}? lies mainly in the detaihng. This is an axiom the rorrertnesf 
of wiiich is fully recognized by the bridge expert, but, unfortunately, not 
by numy railroad men and other purchasers of steel structures; for if 
it were, they would never entrust the designing of the bridges they buy 
to the manufacturers, whose usual custom it is to have stress-sheets 
prepared by their ocHnparatively high*priced computers and to turn over 
the detailing to cheap draftsmen. Is it not folly to spend a lot of money 
in making a bridge heavy in the main members and at the same time 
to pay so little .attention to detailing that, were the structure tested to 
destruction, it would fail in the connections long before developing the 
full strength of the main members? Yet such is commonly the custom 
among the purchasers of bridges, who think that there is no need to retain 
the services of a l>ri<lge s[)ecialist to ]»re|)an' th<' ]ilans when tln\v e-an 
get such work done for nothing (!) by the brul^i '-manufacturing com- 
panies. They do not recognize that the; lal)()r of ])r( paring the plans li;i.s 
to l>e paid. for by some one, and that when it is done by the contractor the 
cost is hidden in the |x>und price of th(* compIet<'<l metal-work. 

It is, unfortunately, not only the purciuisers of l)ridges who are ignor- 
ant of the important axiom with which this chapter is intrrKluced; for 
evgi such scientific and practical men as the editors of technical papers 
are occasionally just as b:ull\' informed. A good illustration of this was 
ffven some years ago in Indian ^ngineerinQf when the editor of that well- 
known paper wrote as follows: ''Now, however, the standardising of 
parts — the provirion by manufacturers of pieces calculated for a given 
load — and such like has so far simplified matters that anyone can put 
together the details of a simple bridge design." Unfortunately for the 
editor, there appeared in the same issue a detailed illustration and de- 
scription of the Koli Bridge, which furnished a most forcible contradic- 
tion of the statement. The author seized the opportunity to call atten- 
tion to the editor's error by furnishing an analysis of some of the second- 
ary and induced stresses in the structure illustrated, pohiting out the 
lollo\\ing important defects:* 

First. The span of one hundred and twenty-<'itz;ht (128) fwt consisted 
of two pony triiasos with six (()) side braces per side and six light over- 
head arch-strutvS that riveted only to the upper surfaces of the top chords. 

Seamd. The truss depth employed was just about one-half that 
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required for greatest economy of mf^tal, as was shown by computing the 
weight of tlie chords and that of the web, which two weights should be 
about equal for minimum total weight of metal in trusses. 

Third. There was really no upper lateral system at all, for stmts 
without diagonals cannot form a lateral system. 

Fourth, Only two out of the ten panels of each truss were eounter- 
bfSioed. 

Fifth, All web diagonals were oompoeed of flat bars, and the oountcffs 
had no adjustment. (It must be remembered that the trusses were of 
the riveted type.) 

Sixth, The detailing of the vertical poets was absurd, for there were 
no stay-plates at the ends of the Uicmg aystem^ and the ban of the latter 
had a fttf-too-smali inclination to the vertical 

SeoerUh* The chords were strengthened toward the centre of the 
span by piling on an extra cover plate instead of by thickening the webs 
of the channels. 

Eighth. The bottom chords were closed troughs that would liuid 
water and ensure* rusting the metal rapidly. 

NiJdh. The bottom chords were loaded transversely at mid-panel, 
thus ensiu-ing the grcjit^st possible bending moments upon them. 

Tenth. The floor-ljeams were attached to the inner chamiels of the 
lx)ttom chords, and there were n(t means provide<! for transferring a por- 
tion of the reaction to the outer channels, thus making the inner ones 
do practically all the work of resisting bending. 

Eleventh. At the fixrMl end of the span there was no hinged pedestal, 
consequently the distribution of load over the shoe was far from 
uniform. 

Twelfth. The eccentrict^ in the connections of wel) members to 
chords was both excessive and uncalled-for, thus making the secondary 
stresses exceedingly high. 

It may seem at first thought that it was hardly necessary to go abroad 
for an example of the evil effects of leaving the detailmg to uicompetent 
designers and to parties interested in making money out of the construe- 
tion, but n<2t out of the use of the structure. The reason is that the ex- 
ample was at hand and is a glaring one. It represents, though, in a way, 
the errors in American practice of a decade earlier than the date of build- 
iii^ the bridge referred to. To-day the (i<'tailing of bridges in general is 
improved materially, this result ha\ing Imn accomplished primarily 
the indepimdent designers, whose work has been copied more or less by 
the manufacturing companies. 

There is no nwd to treat here of the faulty bridge detailing of the 
distant past, because that, in tlie main, ha.s been corrected m modem 
designs. The reiider who is interest e<l in the matter is referred to the 
author's paper on "Some Disputed Points iu Kailway Bridge Designing," 
published in the Traneaclims of the American ISociety of Civil Engiaeera 
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for Februar>' and March, 1892, and reproduced in Mr. Harrington's 
' Principal Professional Papers." 

In railway l)ri(lge designing, fur a number of y<\'irs the average ratio 
of weight of details to weight of main members has been gradually in- 
creasincr: and the end is not yet. because the average bridge designer lias 
sliii a great deal to learn concerning the importance of good and efficient 
detailing. As long as contracts for bridges are awarded to bridge com- 
panies on competitive designs, and the structures are paid for by the 
lump sum instead of by the pound, just so long will the science of detailing 
be igaored, and just so long will bridges be built which will eventually 
wear out, simply for want of a little more metal distributed just where 
it is needed, viz., in the details. 

The author feeb that he cannot speak too forcibly concerning the 
importance of thoroui^y scientific detailing for all kinds of metal work; 
for what avails it that a* structure have an excess of section in every main 
member if a single important detail be lacking in strength? If the au- 
then- were in a position where he had to cut down the weight of a struo* 
ture even as much as thirty per cent he would unhesitatingly take the 
metal almast entirely out of the sections of the main members and leave 
tlic detailing practically unchanged!. A structure thus designed would 
long outlast one of the same type in wiiich the weight of the details and 
that of the main members were reduceil in the same proportion. 

The designer who is desirous of improving his detailing sliould In'gin 
by studjnng so thorou^lily the "First Principles of Designing," given in 
the precetling chapter, that he will have them pcTmanently in mind; 
then he should read Chapters XIX to XXIV, inclusive, and learn how 
the principles are applied. In those chapters are described practically all 
the important bridge details in common use, while the remainder of this 
chapter will be devoted to the consideration of a number of features of 
general application which the designer shoiild ocmstantly bear in mind. 

Attention is called to the detail illustrated in Fig. ^Jf for carrying 
either the thrust of a braked train, or the horisontal reaction of all the 
driving wheels, from stringers to trusses without bending the cross-gurders. 
This detail is only now coming into general use, although the author has 
been employing it in his designs for more than two decades. Many de- 
signers think that the thrust of a braked train comes so seldom on any 
structure and its effect on the cro.ss-girders is s^) .small that it may bo 
ignored; but this idea is incorrect, because bridges in .some locations are 
subjected to train thrust con-stantly, and every l)ridge is liable to receive 
it at any time. Moreover, if one will figure the effect on the flanges of 
the crf>ss-girders, which have transversely a very small moment of inertia, 
he will 1)0 suq)rised to find liow high the extreme fihre stress will run. 
For instance, taking a case that is far from Ix'ing extreme and which, 
consequently, is unfavorable to the illustration, let us assume an average 
live load of 7,500 pounds per lineal foot for a thirty (30) foot panel, and 
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that tiie ooeflident of friction is 0.2, makmgthe thrust on the cross-girder 
45,000 pounds. If the length of the girder is seventeen (17) feet, and if 
thm are four lines of stringers, the transverse bending moment will be 

22,500 (^^) - 135,000 ft-lbs. - 1,620,000 in^lbs. Assume this 

to be divided equally between the two flanges, giving 810,000 in.-lbs. per 
flange, and that each flange is composed of two 6" X 6"X9/16'' angles, 
the web thickness bemg The moment of inertia of the two angles 

is about 90, consequently the extreme fibre stress will be ^-^ « 

55,800 lbs. nearly. Ul courpie, the partial continuity of the rails and 
guard rails will (ifton tend to transfer some of ihv train thrust directly 
to the abutments and to the embankment, but when the 8|)proach is a 
wooden trestle, it will have its own share of thrust to take care of, con- 
sequently too much reliance should not be placed on this assumed relief. 
It is far better to detail the lateral system so that the thrust is not car- 
ried at all by the croes-guxlers, especially as the extra cost of so doing is 
trifling. 

The proper detailing of the lateral qrstem so that the train thrust is 
taken directly to the trusses or girders has the added advantage of re* 
lieving the floor-beam flanges from* the bending which will be oocasbned 
by the changes in lengths of the chords under load. As was shown m 

Chapter XI, the stresses in the flanges of the floor-beams from this cause 

are very high, unless [)rovision is made, as above outlincfl, to n'lieve them. 

Web nu'inlxTs composed of four angles and ('arr\ iii^ mainly tension 
stresses may V(t>' properly be stayed by occasional stay plates instead of 
by a system of lai ing. This is a legitimate economy, but it shoukl not 
be carried so far as to apply to rnrnihcrs that are mainl>' struts. Hangers 
carrying floor-bfams riveted to one side, however, should be laced. 

In riveted l)rid^es due attention is not always ^iven to the strength 
of connecting i)lates, which are sometimes maile so thin that tliey would 
rupture along the lines of the rivet holes before developing the full strength 
of the attadu (I web member. This feature of detailing is exemplified 
in Chapter XX 11. 

A verj' faulty detail in riveted spans, far too common in current prac- 
tice, is the plachig of the i)ede8tal pins below the bottom chf)rds instead 
of on their centre lines. The error involved is the ignoring of the bend- 
ing effect on the indmed end posts and the end panels of bottom chords 
due to the moment of the train thrust. Of course, this could be provided 
for by strengthening these main members, but to do so would be uneco- 
nomic, because it is easier and better to place the pin on the centre line 
of chord where it belongs. 

A faulty detail that b still in existence, although it should long ago 
have been relegated into oblivion, is the failure to carry pin plates of 
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cohmms well beyond the edges of the batten piaton. Neslecting to do so 
materially weakens the column, as has been shown by full-sue column 
tests. The lap for this detail should be great enough to provide for two 
or three rows of rivets. Similarly, in riveted structures the batten or 
stay plates should extend well between the connecting plates which at- 
tach the main member under consideration to the other main members. 

Forketl ends of columns are often, without any g(»o(l reason, made 
weaker tlian the inemlHT uf which they form a })art. Whenever it is 
praoticablf. th<'rc should l>e placc^l between the projecting pin plates a 
(liaphrajE^in com|>ose(l of a i)late and angles, and it should he carried as 
fIos<- to the pin as the conn("ction of other UK'nihcrs will |icrniit. If it 
Ije impracticable to use the diaphnigm, the pin plates shoukl be so rein- 
forced that their ratio of length to least radius of gj ration will not exceed 
the corresponding ratio for tlie strut itself, and so that the allowable 
intensity for forked- ends will not be exceeiled. 

Batten plates are often made Uh) short. Their length should never be 
Iras than th^ width, except in bracing members, and often it should be 
greater. Wide batten plates with only two or three rivets on a side are an 
absurdity, and their use is an indication of either Ignorance or dishonesty. 

The lacing of struts b often altogether too light. For members of 
ordinary section the rules given in Chapter LXXVIII will apply; and for 
unusually large sections it is better to dispense with lacing entirely and 
adopt a cover plate al)0ve and one below. This forms the strut into a 
closed column, hence provision must be made for the admission of a uum 
for puiiitiiii!; thr interior. Once in designing i\ large l)ritlge the author 
mployr'd box compression chords, of the form shown in Fig. 22d(id; but 
the innovation thus involved was so great that the manufacturers man- 
agftl t<, succeed in having the section changed to the one ordinarily em- 
ployed. Tliis detail has since been adopted on the Hell Gate Arch bridge. 

The rational design of lacing is really imi)ossible. The formula used 
HI the specifications of Chapter LXXVIII is strictly empirical in form, 
but is probably as good as any. It makes the strength of the lacing 
depend upon the lo.ul on the column and upon tlie ratio of its length 
to radius of g>Tation in the direction of the lacing, which two factors 
are undoubtedly the most important ones involved in the matter. The 
limiting thicknesses specified are those which experience has shown to be 
the proper values. 

In general, it will be best to employ single-bar lacing at 60-degree in- 
dination for small members, and single-angle lacing at the same inclina- 
tion for larger ones. For such lacing the stress in each bar or angle will 
be 1.16 times the shear carried by tlie lacing- and the stress in the con- 
necting rivets will have this same value, no matter whether adjacent 
bars are connected by the same rivets or l)y difTerent ones. For double 
lacing at 4o-<legree inclination, the stress in each bar is seven-tenths (0.7) 
of the shear carried by the lacing, and the stress in tlie connecting rivets 
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will have the samo valu9 when adjacent bars arc not connected by the 
same rivets; but when adjacent bars are attached by the same rivet 
or rivets, the stress in the rivets will Ik equal to the shear carried by 
the lacing. In the latter case, the shearing stfength of the rivets will 
govorn when all of the bars are ^ther inside or outside of the member; 
but their bearing cm the portion (tf the main section thfou^^ which they 
pass will govern when the bam are plaoed al|iemately within and without 
the member. 

A bar X m section has a strength equal to the single^hesr 
talue of a J4" Aop rivet — 6,000 pounds— when the ratio of its length 
to its thickness is forty (40). From this faet the strength of any lacing 

bar can be readily determined. In figuring the compressive strength 
of bars in a double-lacing system, wlu n tlio intersecting bars are riveted 
together at the cros.siiig, tlie ratio of length to thickness should be taken 
as only two-thirds of the actual value, to allow for the strengthening 
efifect of the central connection. This is in acrordance with the standard 
practice of allowing the* ratio of Icntrth to thiekiu >s to be fifty (50) 
per cent greater for bars of double lacing than for l)ars of single lacing. 
The strength of atigles used in lacing will rarely, if ever, need testing. 

It follows from the abo\e that single lacing at tiO-degree incUnation, 
with bars or more in thickness fastened by one "j/g" rivet at each 
end, will carry a shear of 6,000 1.16, or 0,200 pounds; while double 
lacing at 45-degree inclination, with bars %e" or more in thickness like- 
wise fastened with one Ig' rivet, will carry a shear of ('),0(X) pounds. For 
shears up to 5,200 pounds, single lacing of 2}^" bars should, therefore, be 
employed; and for shears between 5,200 pounds and 6,000 pounds, double 
lacing of bars. For shears exceedmg the latter figure/ ladng of 5'^ 
bars or some form of angle lacing should be adopted. 

Angle lacing is usually lighter than bar lacbg for wide members, 
particulariy if no gusset plates for the lacing are used. It is also prefer- 
able because its stiffness helps to prevent the tendency of members to 
warp into a diamond shape under fabrication. Fh>m this idew-point it 
is better to attach the angles to the flanges directly without the use of 
gus.set i)lates. 

It is always advisable, when jiossible, to make atljacent lacing bars 
or angles intersect on the gauge lines of the flange angles, in order to 
avoid the beuduig which would be caused l)v an eccentric connection. 
Bar lacing should alw^ays thus intersect, and it is prett rablo that angle 
lacing do so as well. This end can be attained for angle hieing by at- 
taching the angles to gusset plates, or, if the flange angles of the uhmh- 
ber are turned inward, by putting alternate angles on the inside and on 
the outside. The appearance of the latter arrangement is not particularly 
good, however. AH things considered, the author eonsiderB it best to 
connect angle lacing to gusset plates. 

Bar lacing is usually put on the outside of a member, but angle ladng 
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should preferably be put on the inside^ as otherwise the outstanding legs 
will interfere with handling; and they are very likely to be bent. 

Fig. 16a can be employed to find the weights of bar lacing — the upper 
portion for double lacing at 45-d^gree indmation, and the lower portion 
for single ladng at 60-degree inolina1ioiQ--#Qr various distances from cen- 
tre to centre of rivet lines. The weigjits are given for bars 2yi" wid^; 
and those for bars 6" wide are just twice as great. The full portions of 
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Fig. 16a. WeigbtB of Bar Lacing. 



themn'os correspond to tliickncsscs which can hv used for main members, 
and the dotted portions to thicknesses allowal)h^ for hracinti: members 
only. The weights of douV)le-bar lacing (or latticing) at bO-degree in- 
clination would be double those for single-bar lacing at the same inclina- 
tion; and the weights of sinple-ljar lacing at 45-degree inclination would 
be half of those for double-bar lacing at the latter inclination. The 
curves assume that the bars are lapped at intersectionSi which detail 
fliioiiki always be adopted for bar ladng* 

Fig. 166 gives wei^ts of single-angle ladng at 60-degree indinatioiL 
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Fig. 16(. Weic^ts of Anf^ liMmg. 
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the lower portion when there are no gusset plates and when the angles 
are arranged as shown in the sketch. It will be noted that tbe curves 
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are to be entered with the (h.stance from centre to centre of outside rivet 
gauges of the mam member iu all cases. 

15 2 

5m 




4m 



mo 



10 f.5 
f^rcenf <y Tofo/ Uxh/ P fobe 

Carried ht/ n PJan&s ofLac/n^ Dizfance C /o C £/\ref L/nes. 

Fig. 16c. Diagram for Demgning Lacing. 
Note. — ^The diagonal lines in the upper left hand portion of the diagram represent 

values of — . 

n 

Fig. 16c can be utilized for the design of lacing. The lower left hand 
portion i.s a graphical solution of the equation, 
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wbidi appeals m Clause 71 of Chapter LXXVIII. The cunre gives Taioes 
of the shear £f to be carried fay the lacmg in peroei&tases of P, the total 
load on the member; and by tracing vertically into the iqiper left-hand 
portion there can be found the correflponding value of the shear to be 

number of planes of lacing. On then projecting horisontally over to the 
upper ti|^t-hand portion of the diagram, there can be found the .number 
of J4" 8tu>p rivets required in the connections of the following types of 
lacbg: single-bar or singb«Dgle ladng at 60-degree inclination; double- 
anc^e lacing at 60-degree inclination; Type A double-bar or double^angle 
lacing at 46-degree inclination, in which the connecting rivets pass through 
both bars at intersections; and T^pe B double-bar or double-angle lacing, 
in which adjacent bars are not connected by the same rivets. For Type 
A lacing it is assumed that all bars are on either the inside or the outside 
of thi" mt'iiil>t'r; and if they are alternately within and without, the strength 
of any rivet connection will \arv from ten per cent p:»*eater than that 
given for Type A when the rivt ts pass through metal in the main 
member, to that given for Type B whon the thirkness of the said metal 
is ^4" or more. Thr* diairrain assumes ilial all indal is at U'list •^s" thick. 
For /le" metal in t iilici lacing bars or iiifiiu member the strenptli of 00- 
degr^^e lacing and that of Type B 45Hk'gree lacing will be ten per cent 
less than the values indicated. For T> pe ^4 4.5-degree lacing, there will 
be the same reduction in strength when the metal of the main section is 
/Ift" thick, but none when the lacing bars or angles are ^le" thick and 
the main member ? or more in thickness. When bar lacing is used, the 
thickness required can l^e found by meaiLs of the lower right portion of 
the diagram. The relative economy of bar and angle lacing can be de- 
termined by means of Figs. 16a and 16&. Bar lacing is more easily fabri- 
cated than angle hieing, and will be cheaper unless the an^^e lacing effects 
a considerable reduction in weij^t. 

The following examples illustrate the application of FigB. 16a, 166, 
and 16e. ' 

F«r<f. A compresdon member composed of two bdllt diannels with 

angles turned inward and laced on two sides carries a load of 500,000 

I 

pounds, the value of — about an axis perpendicular co the planes of the 

lacing being 75, and the distance between the lines of rivets by which the 
lacing is fastened being 15". What lacing should be used when J^" 
diameter rivets are employed? 
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P 

hk tlu8 case P » fiOO^OOO and n » 2/ so that — » 250,000. Enter- 

n 

at the lower left-hand margiii of Fig. Ilk; with = 75, we pass hori- 

T 

mtaDy to the heavy diaggnal curve, and thexice vertically to a point 

P P 
midwiv between the diagQDal lines for — 200,000 and — 9 



I IXI I I 



We then read the value of the shear on one plane of lacing as 4,300 pounds; 
and projecting horisontally to the right, we find that one-rivet connections 
will suffice for dther single double lacing. Entering now the lower 
n^^hand portion of tbe diagram with 15'' as the distance between rivet 
lines, we find the required thickness of single-bar lacing at 00-degree 
iodination to' be Yie", and of double-bar lacing at 45-degrce inclination 
to be f^". By Fig. l(ki, the weight of sin^^e lacing of 2><2'' X lie" bars 
is 9.2 pounds per lineal foot, and that of double lacing of 2} 2" X 
bars is 11.4 pounds. Evidently the single lacing will be the better. 

Second. Suppose that in the first problem the load on the member 
had been 050,000 pounds, the other factors remaining unchanged. What 
lacing should be used? 

P 

In this case — » 325,000. Entering as before with — » 75, we trace 

n ^ r 

horisontally to the heavy diagonal curve, and then vertically to a value 
p 

of — « 325,000| taken by locating a point about one-quarter of the di^ 
11 

P P 
taooe between the fines for — =■ 300,000 and for — - 400,000. Then 

on tracing horis<mtaUy over into the right-hand portion of the figure, we 
find that one^vet connections will suffice for double lacing at 45-degree 
Inclination, but that two-rivet connections will be needed for single lacing 
at fiO-dogree inclination. If we adopt bar lacing, we shall, therefore, 
bave to use 5" X single lacing, weighing 18.4 pounds per lineal foot, 
or 2)4" X douUe lacing weighing 11.4 pounds per Uneal foot. The 
latter is evidently the better of the two. 

ThM, Suppose that in the second problem the distance from centre 
to centre of rivet hnes had been 25", the other factors remaining unchanged. 
\\ hat type of lu iiig would be the best? 

In this viise single-bar lacing at GOnlcgnr inclination would require 
the use of o" X ^i" bars weighing 28.5 pounds jxt lineal foot, and (luii!>i<'- 
l>ar lacing at 45-dcf:rec inclination would necessitate 2^ X 's" bars 
wtMgiiing 10.7 po^lnd^^ per linc.il foot. Turning now {^^ lig. 1(>/'. wc find 
that single-angle lacing wuh gusx ts will weigh 'JO.S [)ounds per lineal foot, 
if ^g" rnetnl be used, or 17.9 pounds, if metal Im? employed. If the 
angles ol the main members should be wide, single lacing of '6" X 2" 
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anRlt's withuul gus.sct plates at GUHlegrce inclination could he adopted, 
because two-rivet connectioiis could l3e ol^taiued. The weight will be 
about 10.9 pounds per lineal foot, if metal be used, or 9 pounds, if 
Yis" metal be employed. This latter type of iadog would evidently bo 
the lightest of any. 

Fourth. A toj) < Imrd member compos;e<l of a cover-plate and two 
built channels, with lacing on the bottom side, carries a load ol 2,200,000 

I 

pounds. What ladng should be employed, the — of the member about 

r 

a vertical axis being 40, and th(^ distance between rivet lines by which 
the lacing is attached being 30"? 

In this case n equals 2, since the coveri[>iate is to be oonsiderad as one 

p 

plane of lacing. The value of — is, therefore, 1,100,000 pounds* iiuter- 
I 

ing with — «> 40, tracmg over horizontally to the heavy diagonal curve, 

T 

P 

thence vertically upward to the line for — « 1,100,000, and th^ hon- 

n 

zontally to the right, \vc find that we can use the following typ<'s of lac- 
ing; singio-bar or singl('-ang!(^ lacing at GO-degree inclination with 4-rivet 
connections; double-bar or double-angle lacing at 00-degree inclination 
with 2-rivet coiuK^ctions; double-bar or double^uigle lacing, Type A, at 
45-degree inclination with 3-rivet connections; or doublo-bar or double- 
ani^e lacmg, Type B, at 4r)-degree inclination with 2-rivet connections. 
Evidently angle lacmg should be empk^ed, on account of the great dis- 
tance between rivet Imes. For the single-angle ladng we can adopt 
6" X ^H" X H" L's without gusset plates; and entering Fig. 166 with 
the distance from centre to centre of rivet gauges as 90", we find that thb 
type will weigh 18.4 pounds per lineal foot. For the double-an^e lacing at 
60-degree inclination we can use 3" X 2" X L's, which with 
gusset plates will weigh 2 X 19.2 » 38.4 pounds per lineal foot; and 
without gusset plat<»s, 2 X 1 1 = 22 pounds per lineal foot. Type A 
double lacing at 4r)-<legree inclination would liardly ever be used in such 
a case, on account of the lar^^cr an^;lc nHiuired and the difficulty of plac ing 
the rivets in the connection. For Typi* B double lacing at 4.")-<legree in- 
eVmation we coukl use 3" X 2" X -^s" L.'s, either \v\\\\ or without gu>.M l 
l)lates; and tlx y will evidently weigh somewhat less than the same form 
of lacing at «»( i-< 1- mrc inclinalion. The single lacing of U" X 3)^2" X 
^'g" L's would certainly be the best tyiH» to employ. 

Splices in compn ssion chords are often very faulty, in that too much 
reliance is placeil on the perfection of sho]vwork in al)utting ends. Wliilo 
it is practicable to obtain pretty fair contact for such ends in struts of or- 
dmaiy dimensions, the author believes that in those of unusual sise it is 
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not, hence the deeper or wider the piece the greater should be the propor- 
tionate strength ol the splice. For this reason he favors making the 
minimiini strength of such sptioea six-tenths (0.6) of the strength of the 
member spliced; and in large struts he advises a still greater limit. In 
fact, in pin-oonneeted bridges of great span length he would advoeate 
making all ehoid membeto trufy hinged at the panel points; and in large 
riveted bridges he plaoes the joints there so as to get the benefit of the 
great strength and stiflEhess of the eonneeting plates, thus economising on 
metal. 

It is a mistake to omit end floor-beams of bridges. This has been 
forcibly stated in print Iw^foro, and has been endorsed by tli(> profession, 
nevertheless tlie faulty jHuctice is still verj' common. \\'hcn th(\v are 
omitted and replaced l)y horizontal struts, the latter arc often so (»rcen- 
tricallv connected that thev are stressed bevond all reasonable limits, 
or would V>e if they received their computcMi direct stresses. 

The comiection of transverse -irut>^ to the upper s\irface only of top 
• bnrds is a must reprehensible i)ractice. (Iranting that the secondary 
stresses due to eccentric connection are not large enoufz;]] to be serious 
(which is true if the calculated greatest stress on the transverse strut 
be very small), it is still necessar>', in order to make the cliords fixed in 
position at the panel points, that the lateral struts there should take 
hold of the said chords i^ymmetrically above and below and should stiffen 
them effectively by largo connecting plates. 

In designing members composed of one or two angles, care must be 
taken to reduce their effective values by the percentages ipven in the 
specifications of Chapter LXXVIII. These percentages, are intended to 
provide for the fact that the stresses are usually applied to such members 
more or less eccentrically, and they agree in general with the values found 
m certain tests which have been made. When a member consists of two 
angles riveted back to back, with a plate riveted to their outstanding 
legs, the efficiency of the angles should be taken as for the two-angle 
section, while that of the plate should l)e considered unity. 

Knee-braces, extending from vertical posts to upper lateral struts, 
are (iften attacln-d to both members at points which are not stayed by 
ballen j)lates, the elTeet being to cripple the lacing before the working 
strength of the knee is developed. If the kn(M' t:(ke< hold of the ])ost 
on the central i)lane there should be a diaphragm connecting opposiK^ 
webs of the post; but if it grips the transverse faces, there should be a 
properly disposed batten plate on each face, ' 

In order to avoid the use of very large connecting plates for lateral 
diagonals, the latter are oftdi so laid out that their axes intersect at some 
distance from the central plane of truss, thus inducing large bending 
moments by eccentricity, which is an exceedingly bad feature, unless the 
said bending moments be properly provided for. 

Bven nofwadays portal bracing is sometuoAes designed more for 
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• • 
appearance thnn for strength and rigidity. Portals involving diagonal 
adjustable rods coimtn 1 to a central ring are an absurdity, yet a weli- 
known bridge engineer ot long experience was guilty of making them — 
and no longer ago than 1897 he employed this abortive detailing la the 
desigii for a 400-foot, double-track-railway span. 

Stringer bracing diagonate are sometimes made of such smali sections 

that their values of ~- must have been ignored altogether, or else the ends 

were considered fixed, a condition which merely connecting to an unstif- 
fened side plate cannot possil)ly produce. 

In com]iuting the bending moment upon the inclined end post of a 
through span, it is necessary to know the position of the point of contra- 

O / 2 3 




Fig. 16d. Points of Contrjtflexurc in Braced Colimma. 



flexure. This can be obtainetl from Fig. 16d for two conditions of fixed- 
ness and for various valuer of the ratio of the lengtli of the upper braced 
portion of the member to that of the lower unbractd portion. The for- 
mula for the upper curve is demonstrated in "Modem lY 1 1 - d Stnictiires," 
and that of the lo^ver one wan e\'f>lved a few years a^o m the author's 
office. Ordinarily, the value // varies from 0.25 to 0.75, averaging id)out 
0.6; for which k = O.')!)") for the lower cui v( . and 0.57 for the upper 
one. In the old days of his practice, whcm he diil most of his own com* 
ptatiiiR, the author used to assume the value to be 0.5, although he knew 
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that the assumption was not strictly correct. The error involved was 
about ten per cent of the value of the bending effect, which error amounts 
generally to less than three per cent of the value of the combined bending 
and direct stress effect. In heavily loaded railroad bridges the permis- 
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Rg. 16c. Diagram for Calculating Net Sections of Riveted Tension Members. 
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mble IncreBse of thirty (30) per cent in the intensity due to wind loading ' 

causes the effect of the loading without wind to be the governing condi- ^ 
tion; but in lightly loaded railroa<l bridges the opposite is the case. In 
view of the fact that the point t)l contrafi(>xure can now be ascertained | 
at a glance and without any necessity for figuring, it is better to adopt 
for the bendiii^-inoment computation the more correct lever arm. 

In designing rivete<l tension nienilx^rs care must be taken to st^e that 
all net sections are properly figurcnl along ditigonal as well as transverse 
lines. As the computation of the diagonal sections for (•<)tnl)ined sheiir 
and tension is very tedious, Fig. 16e is given to facilitate the work. The 
formula on which this diagram is based was worked up originally in the 
author's office by his chief computer, V. H. Cochrane, Esq., C.E., and 
was publi.shed by that gentleman in Engineering News, April 23, 1908; 
but the complete diagram was first presented by T. A. Smith, Esq., C.£., 
in Engineering Newe of May 6, 1915. 

The curves of this diagram give the portion x of one rivet hole which 
is to be deducted from or added to the distance g between the gauge 
lines of the two rivets in order to determine the net effective length of 
the metal hi thb width. Referring to the diagram, we find that for p « 
0| X » 1. This is evidently oorrecti since m that case we should sub- 
tract two half holes. As p increases, x decreases, reaching aero at some 
particular value (as for g = 3" and p - 8.3"), at which point the effect- 
ive length on the diagonal is just equal to the width g; and as p becomes 
still larger, the effective length on the dijigonal becomes greater than the 
width so that x is additive. The lower ])(>rtiun of the diagram, in 
which X is additive, will be luund uf vahie for unusual combinations only. 

If a plate has several lines of rivets then-in, the total number of hole.s 
to be counted out of any section is (Mjual to I + .ri -f -|- Xa + 
The term unity reprf^sculs the deduction for the outer halves of the rivets 
on the two outside gauge lines, and the quantities xi, OTs, etc., denote the 
deductions for the various intermediate gauge widths. 

The diagram can be applied to any arrangement of rivets. Consider, 
■ for example, the group shown in Fig. 16/, supposing the diameter of the 
holes to be one inch. Evidently the plate might ruptun^ along the lines 
1-3, 2-4, 1-4, 2-3, 1-2-4, 1-3-4, 1-3-6, 2-3-4, 2 3-5, 1-2-3-4, or l-2-3r-6. 
Since several of these sections are identical, and others are evidently not 
the weakest, it will be sufficient to test the lines 1-^, 1-^, and 1-2-3-^5. 
For the line 1-3, we evidently count out two holes. For the line 1-3-5, the 
deduction required is 1 + 1 + 0.43 » 2.43 holes. For the Ime 1-2^, 
we must count out 1 + 0.17 + 0.71 + 0.43 = 2.31 holes. The net effective 
width <A the plate is therefore 16'' - 2.43" » 13.67". The mmunum 
pit<;h at which we need to take out two holes only is 3.3", for which pitch 
the deduction uii the line 1 3-5 would be 1 + 1 -h 0 = 2 holes. If the 
pitx hes should be made 3} ^he deduction on the line 1-3-5 would be 
1 1 - 0.12 = 1.88, and that on the line 1-2-3, 1-0.12 -|- U.o8 = 1.46. 

i 
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If a plate has only two lines of rivets therein^ we evidently need to 
count out but one rivet hole when p is laigs enough to make s 0. 

With rivets ananged as in Fig. 16g, and 91 — (h, no portkm of Hole 2 
will be counted out whenever each of the d^s is 0.5 (or less); for in this 
case we must take two holes out of line and 1 + 0.6 + 0.5 » 2 
hcks out of Ime 1-2-^. When gt and gt are uneiiual, no part of Hole 2 
will be eounted out ^tidien xi-\-xtiB equal to or less than 1.0. Hiis value 
of p can be determined most eanly from Fig. I60 by locating a vertical 
line which cuts the gauge lines gi and g% at equal dibtances above and 
Uiuw the line x = 0.5. 

In fi^:uring the net sections of an angle having rivets in both legs, 
the distance g between rivets in the opposite legs can be taken as the 
sum of the distances of the siiid rivets from the back of the angle. 

The above discussio!i has considered the finding of the net section at 
any one point of a member only. However, it is usually necessary to 



4 




Fig. W Fig. Idg. 

Rivet Gfoupa in Tenrioo Membm. 



consider adjaoent sections as well. For instance, if there should be two 
rivet boles in a plate at one section, and six holes in the same plate at 

a section a foot away, the net section at the first pcmt could not be taken 

great<T than that with six holes out plus the amount that could be de- 
velo|x;d )»y the rivets in the iiiirrvening foot of (iislaiicc. Also the strength 
at a section near the end of a member or any component part thereof 
must not be taken as cri rater than the amount which can be developed 
by the rivets between the section and the end of the said member or 
component . 

As an actual example of the possiljle error in the fi^urinfi of net sec- 
tions, the following ctise, which has latt^ly come to the author's notice, 
may be cited. One leaf of a tension member of a truss consisted of one 
20" X Vz" plate, one 12" X plate, and two angles. The angles were 
fastened to the 20" plate by rivets spaccnl 0" centres, and there was a 
third rivet at the centre of the plate in line with those through the angles. 
Hie 12" plate was also tacked to the 20" plate by 2 rivets every 6", these 
rivets being staggered with those first mentioned. It was proposed to 
figure the net section of the plates by deducting three holes from the 
21/' plate and one from the 12'' plate, or by deducting two holes from 
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each plate. However, since the stress could not possibly transfer back 
and forth from one plate to the other, evidently the correct method of 
figuring was to deduct three hoiee from the 2(y' plate and two from the 

A tie plate on a member is frequently figured to make up for extra 
holes in the member at the point where it occurs. While this deviee 
may be legitimate w^en the tie plate is fair^ loiig» it is not justifiable 
when it is but 9" or 12^' m length. 

The riveting in the body of a member should be laid out in sueh a 
manner as to reduce the gross area as little as possible. At splices and 
connections, however, it will be necessary to have many more holes than 
in the bo<^ly of the member. The riveting at the ends of the splice plates 
and the connect iujz; ]^l:itfs .should be carefully detailed, in order to make 
the splice as short as i)()s.si])le, and at the same time to avoid under-cut- 
ting the required streng;th of the member at any section. To do this it 
will generally be neces.s!iry to compute the strength at each line of rivets 
near the end of the coinu^ction. 

It fre(}ueiitly happens that a j2;roup of rivf^fs is .subjected to a moment, 
which may or may not be accompanied by a direct load. It then becomes 
neoeesaiy to determine the stresses in the various rivets in the group. 

Suppose the rivet group to be acted upon by a load P in the same 
plane therewith, having an eccentricity e with respect to the centre of 
gravity of the group; or, what amounts to the same thing, by a central 
load P and a moment M. Then the average direct stress 84 in each 
rivet will be 

'Srf = ^, lEq. 1] 

where N is the number of rivets in the group* The moment M will prcK 
duoe in any rivet a stress 8^ the value of which depends on its distance 
from the e&atre of rotation and is given by the formula, 

[Eq.2J 

in which r is the distance of the rivet from the centre of gravity of the 
group, and / the polar moment of ine rt in of the ^;roup about the said 
centre of {gravity on the a.ssuniption that the area of each rivet is unity. 
The value of / is given by the expression, 

/ = Jr2. [Eq. 3J 

If now we take the centre of gravity of the group as the origin of co- 
ordinates, the value of / will b(> 

/ = Jx* -f 5?/*; [iki. 4] 

and the componente and of Sf, will be given by the formulse, 
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In nearly all cam the rivets will be arranged in rows paiaUel to or 
perpendicular to the direction of the line of action of P, and will be spaced 
nearly, or quite, evenly throughout each row. Suppose the group to oofuist 
of m rows parallel to the line of action of P, with n rivets in each row. 
Abo, let the spacing of the various rows be constant and equal to 9, and 
the pitch of the rivets in each row be uniform and equal to p. Furthor, 
assume tiie x axis to be perpendicular to the line of action of P. Hie 
moment of inertia I of the group about the centre of gravity can be found 
by getting the moment of inertia of the rectangle having the sides ms 
and np, subtracting from this mtity the momenta of inertia of taeh 
of the small rectangles of area ps alx)ut its own centre, and then dividing 
the result by p«, whence we obtain the formula, 

/ - ^ - Dp' + (m^ - m. [Eq. 7] 

For laige groups it will be sufficiently accurate to use for the value of 
/ the eopresdon, 

/ - ]f (nV + [Eq. 8] 

The values of x and y for the extreme rivet are 

(m — 1)8 ^, 
» - o > tEq. 9] 

and y - ^5^^; [Eq. 10] 

and the total number of rivets in the group, iV, is 

.V = nm. [Eq. 11] 

These values of A\ /, x, and v. when snlrstituted in th(^ equations given 
previously for S^, S^, and Sg, reduce them to the following forms: 

P 

^d'^—f [Eq. 12] 

G M (n — \) p m t 

nm \(n^ — 1 ) jr 4- (m- — 1) s'J * -» j 

The total stress S in any rivet will then be given by the formula, 

S = V(5i + 5i)M-"'57. [Eq. 15] 

In any of the above equations, M may l>e rej)lae<Hl by Pe, if convenient. 
When m — i, these equations reduce to the forms, 

n 

- 0, [£ki. 17] 

» (n H- 1) p n (n + 1) p ' 
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When P ^ 0, 8 When P is not sero, we may assume 



whence we get for the value of 



and for the value of S, 



5, = [Eq. 20] 



5- — Vi + 30ii:«. lEq. 211 



When m is greater than unity, but still small as compared with n, 
it will be sufficiently accurate to use the formula, 

5 - — Vf-f- 36 K', [Eq. 22] 

nm 

This (Hjiiiition errs ;i few per cent on the side of danger when A' is less 
than 0.5; hut for larger values of K the results arc either correct or on 
the side of safety. 

When n « 1, the equations for S^t and reduce to the forma, 

S4 = ^» lEq. 231 
tn 

S lEq.24] 

' m (m + 1) « ' * * 

and = 0. (Eq. 2-)] 

When P » Of S ^ 8p, When P is not sero, we have for the value of S, 

m m(mH-l)s m\ (m+l)«/ 

If we assume, 



« C, [Eq. 27J 



Equation 26 becomes 



(m + 1)« 



5 = — (1 + 6C). [Eq. 28) 

tn 



If n be greater than unity, but still fonall as compared with m, it will 
be sufficiently accurate to write 

5 = — (H-6C). [Eq. 291 

nm 

This equation errs on the safe side for all values of C. 

Ocea»»ionally a group of rivets under eccentrie load is forced to rotate 
about u point near tlir top or bottom of the said group, rather tliaii at 
its mid-point. In such a cms*' tlu- ni(»ni' nl of inertia of the group should 
be taken about this pomt of rotation, the distances r in Ki|uatiuns 2 and 
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3 being likewise meaisured thcrcform. 11 tlio rivets are evenly spaced, 
and m — 1, the moment of inertia of the group about a point located at 

a distaoce beyond the end rivet ia (n^ — distance of 

2 3 

the extreme rivet from this aame point is (n ^ p. Substituting these 
vahifls in Eq. 2, we have, since Sg » 

3M(n-H)7> 3M 
^ VU* - J4) ~ n (n + P ^ 

ZM , ^ __ 

-T— appTMumately. [Eq. 31j 

TIm last equation is sufficiently accurate for all purposes. It evidently 
ens sli^Uy on the side of safety. The total stress in the extreme rivet 
is then given by the formula, 

5-— + IEq.32] 

n ^ n*p* 

A group of rivets is frequently acted upon by a moment perpendicular 
to its plant', the effect thereof l)eing to prothice tension in certain of the 
rivet>«. In such a case the ) -axis can be taken in the plane uf the rivet 
group peri>enUicular to the iLxi.s uf the moment, and the A'-axis i)erpen- 
dicular to the j)lane of the group. The value of is given by Ecjuation 
6. is zero, l)e('au>e x is zi-io lur all of the rivets. For an even .spacing 
of rivets, either Eiquation IS or Kcjuation 'M can he employed, the latter 
being the one usually applicable. If then; nvr si veral rows of rivets, it 
will be necessary to divide the results given by the above equations by 
the num>KT of rows. II the moment under consideration be due to a 
force which has a component perpendicular tcf the plane of the group, 
the stresses produced thereby in the rivets can be found liy means of 
Equation 1 or Equation 16. 

If a rivet group be subjected to forces which produce moments both 
in the plane of the group and perpendicular thereto, the two effects are 
to be computed separately. Moments in the plane of the group will 
produce shesring stresses in the various rivets, and those perpendicular 
to the said plane will produce tensile stresses. Forces acting parallel to 
the plane of the rivets cause shearing stresses, and those acting at right 
angles thereto cause tension or release of tension. 

Another detail that should receive the careful attention of the designer 
is that of web splices in plate girders which are often figured for vertical 
shear 011I3'. In such a case they are likely to be very weak in certain 
resp<*ct«. The correct method of designing such spUces is explained fully 
in Chapter XXI. 

The lack of stiffeners at ends of I-beam spans (omitted because the 
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web thfioaretioall^ is stioiig enou^ without them) prevents a psoper db- 
tributum of load over both the web and the maBomy . 

Failure to consider the longitudinal shear in ties and other wooden 
beams and the tendency to crush the timber across ibe grain at bearings 
often involves faulty detailing. In such members as ties, the actual unit 
shear wlU frequently be much leas than that given by the theoretically 

1.5 V 

correct formula v * j » ^ which v is the maarimum unit shear— either 

oa 

horizontal or verticali — V the total shear, b the \^idth of the beam, and 
d its depth. For one thinp:, i\w rail may be so close to the stringer that 
shearing action can hardly develop; and if the rail base extends past the 
edge of the stringer flange, the correct vidue of V will be less than the 
load from the rail Also, a tie always extends some distance past the 
centre of a stringer, usually a foot or more; and this portion of the tim- 
ber wiU be subjected to horisontal shearing stresses, whidi will act to 
relieve those in the portion between the rail and the stringer. For in- 
stance, suppose that we have under consideration an 8'' X W tie Imm^ 
inal dimensions) , for which the distance from the centre of the rail to the 
centre line of stringer is 12" and the end overhang is 1' — 6", the shear 
in the portion between the rail s^d the stringer being 17,000 pouiid;i. 

The maxnnum unit shear would be, theoretically, or 360 

7.5 X 9.5 

pounds per square inch. This assumes that the effective length for resist- 
ing this shear is the distance from the centre line of rail to the < '-ntre 
Ime of stringer, or 12" ; but in reality this effective length is 12'' plus a 
certain amount of the 18" overhang. The proportion of this overhang 
that should be counted in is uncertain, being practically the entire amount 
for short overhangs, and gradually reducing in percentage thereof as the 
length of the projection increases. For the case in hand 12", or two- 
thirds of the overhang, will probably be a fair value; and under this 

assumption we find the umt shear to be f ^ ^ X _^ ^' 

pounds per square inch. This figure must, of course, he considered 
approximate. 

In determining the rivet spacing in the loaded flanges of railway 
stringers and girders, the ignoring of the vertical shear on the rivets 
often causes them to be seriously overloaded. The correct method of 
conqmting the rivets under these conditions is given in Chapter XXI. 

Fillers under ends of stringers should not be put in loose, but should 
be attached by two outside lines of rivets. The loose plates prevent the 
rivets from acting effectively and tend to ov or str css them in bending. 

In figuring the siae of any timber beam to resist a given bending mo- 
ment, Fig. 16A will obviate the necessity of making any computations. 
This diagram was prepared by using the actual dimeDaons of the timbers. 
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hence in entering it the actual or net sizes should be employed rather 
than the nominal ones. The difference between these is one-quarter (14) 
inch up to all dimensions of four (4) inches, three-eighths (^) of an inch 




Fig. IGh. Diagram for Designing Timber Beams. 



for those between four (4) and six (6) inches, and one-half (J/^) inch for 
thase exceeding six (6) inches. To show the application of the double 
set of curves, let us assume that a timber beam capable of sustaining 
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properly an intensity of ]fM p<>un<ls on the extreme tibre hiis U} rc-ist i 
a b(>nding moment frum live load, impact, and dead load equal to 1U0,(X)0 
foot-pounds. 

From the lower right-hand comer on the l|tiOO horizontal line pass : 
horiflontaily to the left until the 100,000 curve b reached; and from the 
point of intersection thereof pass vertically upward to any desired width- 
curve, and then bori«mtally to the left wheate the readmg at the bonier oi 
the sheet will give the net depth. If a gross width be assumed, a 9^^' 
net width will requhre a 22f' net depth or a 7!2}4" gfon depih, or a timber 
lO'' X 24:'% which is usually not a commercial section. Let us try a 12^' 
gross mdtii, making the net width llW' This will give a net depth 
of 20^' or a gnw depth of 20^ ^ requiring a 12'' X 22" timber, whieh 
would be a good section, if the 22" timbers are procurable. If not, .we 
should tr\' a 14" gross width, which would give 18}^" net depth or IS^i" 
gross depth, necessitating a 14" X 20" stick. If this be tfK> deep frir 
comiiicrciul reasoiLs, we should try a 10" width and eniploy two sticks: 
hence the moment would be 50,000 foot-pounds per stick, nx]uiring for 
a net width of T^ ^" a net depth of 171 2" or a gross d«»pth of 18", hence , 
two 8" X 18" tiiiilKTs would 1)0 ref]uired. This section in most cases 
would afTord the Ix'^^t solution of tlie iin»l)lfni. 

Tiie .shoe of a p:ir(lt'r or <rn<s or tlie ba.se-plate of a column is frequently 
subjected to an overturning moment as well as to a direct load, in which 1 
case it becomes necessary to compute the maximum pressures* on the 
masonry, and frequently also the stresses in the anchor-bolts. If the 
moment is so .small that anchor-bolts are theoretically unnecessary, the 
problem is quite simple; but if th(» bolts are under teasion, an exact 
analysis is impossible, in an article by R. Fleming, Esq., C.E., in Enffi- 
neering Nem of April 30, 1914, there are presented six different methods 
of calculating the stresses in anchor-bolts of chimneys and stacks, which 
ipve widely varying results. The editorial discussion that aocompaniea 
the article is especially valuable, as it points out that the stresses will 
depend largely upon such practical considerations as the rigidity of the 
shoe or base-plate, the deformation of the masonry, the stretch of the . 
anchor bolts, and the amount which the anchor bolt nuts have been 
tightened. As all of these factors are more or less indeterminate, it is 
evident that an approximate .sohiliuii only of the problem is i>ossib]c^ 
However, certain assumptions can be made whieh will g;ive result- that 
are sufht u iitly exact. An analy.sis that will apply to ordinary shoes and 
base-plates i,s lierewitli jjresented. 

Suppose the base-plate shown in Fig. l)e acted upon by a erii- ^ 

tral force P and a moment or, what amuuuis to the same thing, by 

M 

a force P with an eccentricity e equal to -p*. Suppose further that the . 

hasp-plate be assumed to remain straight. There are then five cases t » | 
he considered. 1 
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Caw /. P acting downward; and e < -r-. 

In this case there u no uplift at any point of the base-plate. The 
maadmum iutcnsity oS pressure on the masonry, is given by che well- 
known formula, 

An<'}](»r liolts are theorotirally luineces-sjiry ; and if they arc usvd to |)n>- 
vide ail additiuiial factor of safety against overturning, the unit tension 
therein is certain to be very low. 

Case //. P acting downward, and e > but < ^ 

O D 

In this case the base-platc tends to lift from the masonry over a part 
or all of the space between the boltti on the windward side of the ahoe 




Fig. 16«. Layout of Baae-Flato and Anchor Botta. 

and the adjacent edge thereof. It will be on the side of safety to assume 
the tension in these anchor-bolts to be sero, whence we find for the value 
of the expression, 

3.( 



As in Case I, there is no need of figuring the stresses in the anchor-bolts. 

2 - a 



Cam III. P acting downward, and e > 



G 



In this case the shoe will tend to lift from the masoniy at the bolts 
near the windward-edgo, and these bolts will come mto play tmloes the 
nuts thereof have been left loose, which condition can esdst mily through 
cardeesnesB. If we assume that the nuts just begm to bear on the base- 
plate at the mstant when the masonry pressure at the point where the 
bolts are located ieducc9 to sero. the conditions will be analogous to 
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those existmg in a rdnforeed ocmereto beam under combined bending 
and direct longitudinal stress, with reinforcement on the tension side only. 
Fig. 37m gives curves for the calculation of stresses in such beams. This 
diagram could be apphed directly if we could assume that the luits were 
just at the elevation of the bottom of the base-plate, and that the unit 
stresses in both the conerete and the bolts either remain constant for 
some distance below the bottom of the base-plate, or else dccr< ;is<' in the 
same ratio; for Equation 1)3 of Chapter XXXVTT is IkischI upon these 
assumptions. It will be found, however, that the unit compression in 
the concrete will reduce verj' rapidly as we go downward, while the unit 
tension in the bolts will decrease more slowly. This condition will have 
the same effect upon the position of the neutral axis as though the width 
of the beam (which we may call 6^ were considerably greater than the 
width of the base-plate hf and as though the unit pressure in the concrete 
(which we may cadi /'J wero likewise less than the unit pressure /« under 

the base-plate, the ratio 4- being equal to -7-. We may, therefore, utilise 

; c o 

Fig. 37m by entering it with a steel ratio p given the formula, 

P - jT^i [Eq- 35] 

(hi wfaidi Ag is the total area of the anchor bolts near one edge of the 
baae-plate), rather than with, a ratio baaed upom the width b. The dis- 
tance e + is next figured, and then the ratio ~ is found. The 
value of i2 is computed by the f(»mula, 

We then enter the diagram on the upper left-hand margin with the value of 
d 

-7-, trace horiaontally over to the curve for the value of p, and from this 
«^ 

intersection trace vertically down to the value of R (found by tracing 
across from the lower left-hand margin). The values of and /, at this 
last intersection point are then read by means of the two sets of diagonal 

lines, and the value of is figured by the formula, 

- A-y . IBq. 37] 

The correct value of the ratio is unknown, but for ordinary cases 

it will probably lie somewhere between 1.5 and 2, the former value being 
the better when the bolts are embedded for nearly their full length, and 
the latter when a considerable portion thereof projects above the concrete. 
It will be iguiid that a considerable change in this ratio will not affect 
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mjitenally the values gl and For instance, in the illustrative prob- 

6' 

lem given below, was assumed as 2, and the resulting values of and 

0 

J, were 550 and 2700. If had been taken as 1.5, we should have had 

p - 0.44%, « 88, /'c « 350, /< - 530, and/r - 3000. If ~ had been 
assumed to be 2.5, we should have had p » 0.26%, » 53, / « = 225, 

ft 5(j0, and = 2400. If had been taken as unity, we should have 

bad p - 0.66%, R « 132, A » 500, and/. - 3400. 

The area A« should be the gross area of the bolts, so that the value 
of /a obtained in the above manner is that on the gross section. If the 
bolts are not upset, the unit stress at the root of the thread can be easily 

computed from the value of 

Com IV, P acting upiward, and e 

In this case we can assume the anchor bolts to take the entire load, 
the maxunum stress 7* in the bolt or bolts in one side of the base-plate 
being given by the formula. 



T 



P 



Coas 7. P acting upward, and ^ ^ "I"* 

In this case there will be tension on the bolt or boHs in one side of the 
base-plate, and compression on the masonry along the opposite edge 
thereof. This case can be solved in the same manner as Case III, using 

the dotted curves for p ui Fig. 37m, and reading the values of -j ton 

e 

Ihu figures {rivon in jjart iillit scs aloiifr the left-hand margin. The value 
of e' \^ no^fit ivo in this case. This method i^ves the unit stresses in both 
the concri'lc and the anclior bolts. 

The stresiies in the anchor bolts can also be found by the following 
approximate method. It will be noticed that the compression area will 
hardly ever extend over a width as groat as three-tenths of d (k being 
usually less than 0.3), so that it will be on the side of suf* ty to assume 
that the compressive forces are concentrated at a point located at a dia- 
d 

tance — from the edge of the base-plate. The tension in the anchor bolt 
or bolt^ can then be found by taking moments about tliis a^umed centre 
of the compressive forces, and dividmg by — d. This gives us, for the 
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stress T in the bolt or bolts, 

To illustrate the application of the above methods, let us assume a 
base for which 

b - 60", 
A = 50'', 
a - 40", 

and A, = 18 sq. in., 

and design it for fivo different conditions of loading, so chosen as to rep- 
resent each of the five* cases alxjve dist!usse<l. Wo shall assume tlie an- 
chor bolts to extend some distance above the bast^plates, and to be upset. 

Case/. 

P = 1,20(),()00 lbs. (acting downward). 
M ^ 8,000,000 in.4b8. 
e = 6.7". 

o 



, 1,200,00 0/ GX 6.7\ 

" fio V i^o V r>() /' 



Coiell. 



60 X 50 \ 50 
- 400 (1 + 0.8) » 720 ibs. per sq. in. 

P = 850,000 lbs. (acting downward). 

M » 8,000,000 in.-lb6. 

. . s ™ 9.4 

HA- 8.33". 

2h-a 100-40 . ^/j . ^ 2A-fl 

-^-—^-10". ..6>-and<— J— . 

, ^ 2 X 8.50,000 „ 
• • •'^ " 3 X 00 (25 - 9.4) ^ «^ ^' ^' 

Case III. 

P = 400,000 lbs. (acting downward). 
M « 8,000,000 in.-lbs.. 
e = 20". 

6~"''^^' 6~- 

= 20 + 25 = 45. 
c' = 20 + 20 = 40. 

. A ^ 15 « 1 125 

Aanune » 2. - 2 X 60 « 120, 

If 
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400,000 X 40 
^ 120 X (45)« 
,*./'^ = 275 lbs. per sq. in., 

= 2 X 275 5.50 ll)s. per sq. in., 
and /, = 2,700 lbs. per sq, in. 



Case IV. 



p = :3(M),(H)0 lbs. Ou ting upward). 
M = 3 ,000,000 ia.-lba. 
/. e - 10". 

0/2 = 20". c<^. 

. ^ 300,000 20\ 

• 2X18 V ioi " ^^'^ ^ 



in. 



Co«e F. 



P = imm) IIks. (acting upwaidj. 
M - ^>,UOO,000 in.-lb8. 
e =. 60". 

BasadMeihod. 

d - 20 + 25 - 45. 
e'«20-50« -30. 
d 45 



-30 



- 1.6. 



Amne 4" " 2. 5' - 2 X 60 - 120. 

0 

18 

^' ' 120X45 " 

160,000 X 3 0 

" 120 X (45)« " 

.'./'c = 230 lbs. per sf]. in., 

/e = 2 X 230 = 400 lbs. per sq. in., 

and /« = 16,000 lbs. per sq. in. nearly. 

Apprcmmaie Mdhod. 

d » 20 + 25 » 45. 

e' = 20 - 50 = - .m 

. y 160,000 (30 + 0.9 X 45) 
. . r ^ ^ 279,000 lbs. 

279 000 

and /. = = 15,500 lbs. per sq. in. 
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To faoilitate further the work of detailing, a niimbor of tables which 
at wiouB times the author has prepared, and which he has found quite 
useful m his praeticei will now be gtven. 

In Tables 16a to IM inclusive, there is presented much infonnaticm 
of value concerning wne ropes and their details. Table 16a gives the 
weight per lineal foot, area, ultimate strength, and elastic limit for plow 
sted rope of six strands of nineteen wires each and a hemp centre, vaiy- 
ing from one-quarter mch to three inches in diameter. Table 166 shows 
the bending stresses on these ropes over sheaves varying in diameter 
frum ten to two hundretl and sixteen inches. For each rope there are 
given values for all the sheave diaiiicters over which they are likely to 
run. Table 16c indicate s for open sockets the various dimensions thereof 
for connecting the ropi's of different diameters. Table IQd gives lii^e 
information for closed sockets. 

TABLE 16a 



Pbopebties of 6 X 19 Plow Steel Wire Ropeb. 



Bope Diameter 
anchM) 




Area 


Ultimate 


Elaiitie' 


Lineal Fool 


(Square 


Strength 


Limit 


(Pounds) 


Inches) 


(Pounds) 


(Pounds) 


Vx 

H 


.10 


.02744 


0,000 


8,000 


.22 


.062fil 


12,fXW) 






.39 


. 10748 


21,000 






.62 


.16590 


34,000 


2().0(K) 




.89 


.22886 


47.000 


2S.0(X) 


.» 


1.20 


.31412 


63,000 


37,000 




1.58 


.40525 


81,000 


48,000 




2.00 


.50467 


101,000 


61,000 




2.45 


.62550 


124,000 


74, (XK) 




3.00 


.75300 


151,000 
176^ 


90,000 




8.65 


.90912 


106,000 


m 


4.15 


1.07168 


198,000 


ll'i/KV) 


Wa 


4 85 


1.25383 


239,000 


144,000 


VA 


5.55 


1.39000 


270,000 


162,000 


2 


6.30 


1.C1274 


2*.)S,(K10 


179,(X)0 


2H 


8.00 


2.07479 


378,0(J0 


227,000 




9.85 


2.48404 


474,000 


284,000 


11.95 


3.a5205 


5(i7,000 


340,000 




14.22 


8.63732 


677,000 


406,000 



In Table 166 will be found the pitch diameters for gears with circular 
pitches, var^nng from one-dghtb of an inch to six inches and having a 
total number of teeth varying from twelve to ninety-nine. 

Tables 1€/ and 16g record the intensities of working stresses for com- 
pression members of carbon steel with both fixed ends and hinged ends. 

Table 16A gives the intensities of working stresses for forlced enda 
and extensiottrplates of compression members built of carbon steel. 

Shearing and bearing values of carbon steel rivets an looordBd in 
Table M. 
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Shcavi- 



10 
12 
15 
18 
20 
24 
30 
36 
40 
42 
46 
48 
fiO 
56 
60 
66 
72 
76 
R4 
96 
108 
120 
132 
144 



TABLE 16ft 

Bkndinq Stre0SK8 in 6 X 10 Wibb Rofes. 



ROPB DlAmSTER 



H' 



1,120 . ... 
940 3, 130 7,350 
760 1 2,520 5,920! 11,480 
630l2,110 4,9(K)j 9,ft30 16,520 
570 \,\m t.4S0 
470 1,51)0 3,7.10 

1,280 3,000 5350 10,070 

2,510 



8,710 14,950 
7,280 1 12,550 



5350 
4,900 
4,410 
4,200 



15,900 



8,450113,3-20 
7,620 12,050 
7,250,11,500 
6,630 
6,360 



17,900 
17,100 



10,500 15,620 
10,060,' 14, <>00 
9,720114,400 
8,660 12,800 
8.070 12,0.50 
7,380 11,000 



6,750 
6,410 
5,800 



10,0.50 
9,5.50 
8,6<K) 
7,580 



24,200 
22,250 
21,300 
20,400 
18,300 
17,100 
15,600 
14,300 
13,(jO0 



28,100 
25,600 

23,.500 
21,300 
19,500 

l.S..5-,0 



r2,;i00| 16,8,50 
10,770 1 14,750 
9,580 13,110 
11330 



38,380 

31,200 40,284 
28,400 36,700 
26,000 33,700 
24,700 32,000 
22,400 29,000 



19,700 
17,450 



25,450 
22,660 



15,700 20,400 
14,300 i 18,520 
17,060 



TABLE 166 {Continmi^ 
BuiDiiio Stbubbbi m 6 X 19 Wna Ropbs. 



Sh«*a VP 
Dimmfter, 



108 
120 
132 

144 
156 
162 
168 
180 
192 
204 
216 



1«" 



28,750 

25,900 

23,600 i 

21,600 

20,000 

10.300 

18,600 

17,400 



35,800 
32,300 

29.700 
27,000 
24,900 
24,1(X) 
23,200 
21,700 



39,700 
36,100 
33,200 
30,700 
20,600 
•28,460 
26,600 



48,300 

40,200 
37.200 
3.5, SOO 
34,6(K) 
32,300 
30,.300 
2S..500 

2<>,yoo 



2W 



18,200 
44,600 
42,900 
41.400 
38,700 
36,400 
.Tt,20f) 
32.300 



2K' 



57,300 
.52.800 
.50. SOI ) 
40,100 
4.5,900 
43,000 
10. -(K) 

;>s,:i(M) 



67,200 
62,100 72,4fH) 

r.:»,<)(K) r>9.H{M) 

.57,S(M) r,7,.5(K) 89,000 
54,000 1 63,000 i 83,600 
60,600159,200 78,600 

47,600 .55.6(y>' 74, 0(K) 
4.5.(K)0 .52,r»(>0 70,(M)0 



108,200 
101,600 

y5,7(y) 

00,(V00 



In Table Ulj are given the bearing values of carbon steel pins; and 
in Table 16fc are shown the allowable bending momonts thereon for both 
carlx)n steel and nirkel stefM. The reason for in.scrtiii^ in (he hist-men- 
tioned t^ible a culunm giving the heii<liu^ moments on piiLs of nickel 
Bteel, while no other tabulatiuu;^ for liiat alloy are recorded elsewhere in 
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the book, 18 that nickel steel pins aie oocaabmaflar employed in carbon 
steel bridges in order to reduce diametm which otherwise would be ex- 
cesrive. Until the steel manufaetureis and the bridge shops jointly can 
determine finally upon standard specifications for the qualities of the 
several classes, of nickel steel required in bridgework, it would be useless 
labor to compute a set of tables in order to facilitate the designmg of 
nickel steel struct u i t s. 

In the detailing of siibstnictxire the most common fault is ijringing 
the Ix'ariiig from the span too close to the edge of the masonry and thus 
crushhig off pieces thereof. Another rather eommon fault con-^ists in do 
signing ])iers with pile foundation by putting an ice break on liie u|>- 
stream end and no corresponding otTsct at the lower end, with the result 
that there is an unevea distribution of load over the group of piles. 



TABIiE 16e 

Detailso DutfiNaioNs fob Op£n 8ock£to fob Wib£ Kofes. 

JL 




A 



D 



1 ' 



D 



2 



1 

I 

1 >> 



1 



I <1 



11 



1 3^1' I 



a 



I f. 



K L 



Af 



jV 



1 1 



o 



I 



1 4!S 

2 

2^ 



1 1 
1 ft It 

4 2,-, 10,'' Hf2 \iHr,yu'-i 
6 

0 



11.' 4 
1 1 ■> 1 
1 (. - 1 (i 



11.-. I - ^ I 



MA 

' '4' 



1 ' I 



■> 1 



4,l<>3i 



1 1' 



■ ) 



2H|j^ |XU j4^^|23Hp |l?tj4;^8j2^2J^4^4 



1 7 



'2 



V 



1' L 



1, i 



/ 9 



I's 

1 » > 

1^4 



I'OTTKIt 

_ - ^ Weight 



.1 

1 c 

3 

1 6 
1 1^ 



3 ,. 



1 - 



* k » « • 

2.25 
3.75 

.V75 
10 



1 6 

1 " 



4 



H4>< S2 
I ; 4*, 120 
1 > \\i 120 
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The subject of faulty detailing dwelt upon at such length in thu 
chapter might be carried much farther, but it is not adviaabie ao to ex- 
tend it; because the examples given will generally be found sufficient to 
teach the designer "how not to do it" while a careful study of Chap- 
ter XV on "First Principles of Designing" will enable him to adopt 
metiiods of detailing that will not vary greater from those which are 
ideally correct. 

Should any one desire to stiidv exhaustively the inethods of correct 
desipninp of the details for onliiuir\ laiiway and highway bridge .super- 
structures, he can do no better than to road Prof. Juhu E. Kirkhnm's 
excellent treatise on "Stnirtiiml I'^ln^ineerinj^." Whiln evidently wntteii 
for thf i)iiri)ose of citks^i-iuom iustrucUon, it is well worthy of peruiaai by 
practisktg engineers. 



TABLE 

DkTAILED DnfKNSIONB TOR CxXJeSD SOCKBTS FOB WiBB R0PX8. 






liETAiL. DiMISNSIONS. IN IncHKS 


Um. 


A 


B 




D 


E 


P 


G 


H 


/ 


J 


Af 


Q 






r 




1 1 
V w 


H 

n 

1 

iH 
\H 
IH 

2 

2''f 


w 

2 

'4 

1 

m 

0 


2 
2 

2H 
2H 
3 

3H 

4 

4H 

5 
5 

6^ 

7H 

9^ 


H 
H 

1 

IK 

\^ 

2A 

2H 


4H 
Ml 

r>n 

8 

HA 

iiA 

14 

14 

17H 
2lH 


lA 

It 

2H 
2H 

2% 
2% 

•SH 

• 1 


A 

A 

H 
H 
H 
% 
I A 
lA 


H 

1 

IK 

1 Vi 

2 

2K 

2k' 

2k 

3 

3 

4K 

5'.;; 


A 
A 
A 

H 
H 
}| 

Ik 

1 » ^, 
Pi 

1% 

2 k 

•IS/ 
— s 


il 
t 

i5 

\\ 

w 

1 u 


1 

Ik 

1:15 

Ik 

Hi 

2A 

2 A 

3H 
3k 
4 


Ik 
Ik 
lU 

2 A 

2A 

3 

3 k 

311 

4 k 

4 k 

ok 

7' . 

8 k 


k 

^4 

k 

1 

k's 

Ik 
Ik 
ni 

1 \> 

2U 

2 k 


k 

lA 

1 U 
1 ! 2 

Ik 
<) 

•> 

2k 
2V2 
3 

3k^ 

35/H 


k 
% 

A 

k' 

V* 
1 £ 

1 
1 

Ik 
Ik 

lA 


k'l 

2H 

3 k 

4 k 

4 k 

5k 
Ok 

7k 

sk 


I e 

H 

Ui 
U5 
IB 

2,^ 

2k 

2k 
3A 

3 A 
4 

4 k 

4 k 


% 

H 
% 
A 
A 

k 
k 

A 
A 

A 

k 
k 

k 


lA 
lA 
lA 
ifl 

2k 
2H 
2H 
2% 
3 k 

3^d 

35/^ 
fl 


0 06 

1.1 

1.8 

3.2 
6 

8 

Ilk 
15k 
15k 
25^ 
25 J4 
53 
80 
105 
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TABLE 16e 



Pitch DiAiiETSfis of Gsabs fob Cibculab Pitch. 



No. 






Cnuv 


(LAB PlTCa 


.■ - - 

Df IMOBM 








No. 






















of 


















of 




yi 


\i 


H 


Vi« 


1 

H 






H 




12 


.4776 


.9549 


1.432 


1.671 


1.910 


2.387 


2.865 


3.342 


12 


13 


.5173 


1 085 


1.552 


1.810 


2.069 


2 686 

Ai • WvV 


3.104 


3.621 


13 


14 


.6570 


1.114 


1.671 

* • w# * 


1.950 


2.228 


2 785 

Atf • 1 wW 


8.342 

W* W«Bi 


3.899 


14 


16 




1.104 


1.700 


2.089 


2.387 


2 984 

Af • J A 


8.581 


4.178 


16 


16 


.6366 


1.273 


1.910 


2.228 


2.546 


3.183 


3 820 


4.456 


16 


17 


.6764 


1 .3.53 


2.029 


2.367 


2.706 


3 . 382 


4.058 


4 735 


17 


18 


.7162 


1 .432 


2. 149 


2.507 


2.865 


3 581 

%J • I/O A 


4.297 


5.013 


18 

A>W 


19 


.7560 


1.512 


2.268 


2.646 


3.024 


3 780 

W « f WW 


4.636 


6.202 


19 


20 


.7958 


1 592 


2 387 


2 785 


3 183 


3 979 


4 775 


5.570 


20 


21 


.8356 


1.671 


2.607 


2.924 


3.342 


4.178 


6.013 


5.849 


21 


22 


.8754 


1.751 


2.626 


3.064 


3.501 


4 377 


5.252 


6.127 


' 22 


23 


.9151 


1 830 


2 745 


3 203 


3 661 


4 576 


6 491 


6.406 


1 23 






1 910 

A • VAW 


2.865 


8.842 


3.820 


4 775 


5 730 


6.686 


1 ^ 


25 


.9947 


1 989 


2 984 


3.4S2 


3.979 


4 974 


5 968 


6 963 


1 25 


26 


1.035 


2 069 


3. 10-1 


3. 021 


4.138 


5.173 


6.207 


7.242 


26 


. 27 


1.074 


2.149 


3 . 223 


3 . 700 


4.297 


5.371 


6.446 


7.520 


1 27 


28 


1. 114 


2.228 


3.342 


3 SOO 


4.456 


5 570 


6.685 


7.799 


28 


29 


1.164 


2 308 

mm • W Ww 


3.462 


4-039 


4.615 


5 769 


6.923 


8.077 


1 29 


30 


1 194 


2 387 


3 .')R1 


4 178 


4 775 


5 968 


7 162 


8 356 


30 


31 


1.233 


2.467 


3.700 


4.317 


4.934 


6.167 


7.401 


8.634 1 


li 


1 32 


1.273 


2.546 


8.820 


4.456 


5.003 


6.366 


7.690 


8.913 


1 82 


33 


1.313 


2.626 


3.939 


4.696 


5.252 


6 565 


7.878 


9.191 ' 


1 33 


34 


1.353 


2 706 


4.058 


4.735 

^B « V W%# 


6.411 

^m • A A A 


6 764 

w* fl w 


8.117 


9.470 

Bf m 4AB mm 


34 

4A 


35 


1.393 


2 785 


4. 178 


4 . S74 


5 . 570 


6 963 


8 356 


9 748 


85 


36 


1.432 


2 s«).-, 


4 297 


5 013 


5.730 


7.162 


8.594 


10.027 


36 


37 


1.472 


2.944 


4.417 


5. 153 


5.889 


7.361 


8.833 


10.305 


37 


88 


1.512 


8.024 

W * WaW 


4.536 

• WWW 


5 292 


6.048 


7 660 


9.072 


10.584 


38 


89 


1.652 

A • WWW 


8 104 


4.655 


5 431 


6.207 

W^< «iWV 


7 760 


9.811 


10.862 


30 

wiv 


40 


1 502 


3 183 


4.778 


6.570 


6.366 


7 958 


9.540 


11.141 


40 


41 


1.631 


3.263 


4 . 894 


5.710 


6.525 


8.157 


9.788 


11.419 




42 


1.671 


3 . 342 


5 013 


5 . 849 


6.685 


8.3.')6 


10.027 


11.698 ! 


' 42 


43 1 


1 711 


3.422 


5. 133 


5.9S8 


6 844 

V/ « A A 


8 555 


10.265 


11.976 ' 


1 43 


44 


1 761 

1 A • f WA 


8 601 

W • WWA 


6 252 


6. 127 


7 OQB 


8 764 


10.504 


12.265 1 


44 


1 

45 


1 790 


3 581 


5 371 

W • W • A 


6 267 


7 162 

m m AW4v 


8 952 


10 743 


12 533 1 


1 45 


46 


1.880 


8.661 


5.491 


6.406 


7.821 


9.151 


10.962 


12.812 


l« 


47 


1 870 


3 740 


5 610 


6.545 


7 480 


9 . 350 


11.220 


13 090 ' 


47 


48 


1.910 


3.820 


5.730 


6.685 


7.639 


9.549 


11.459 


13.369 i 


48 


49 


1.950 


3.899 


6.849 


6.824 


7.799 


9.748 


11.696 


18.648 1 


40 


60 


1.989 


3.979 


5.968 


6.963 


7.958 


9 947 


11 9.37 


13.920 1 


50 


61 


2 . 029 


4 . 058 


6 (XSS 


7.102 


8.117 


10 146 


12.175 


14 .2(X5 i 


51 


62 


2.im 


4.13S 


6.207 


7.242 


8.276 


10.345 


12.414 


14.4S3 ; 


1 52 




2 100 


•t 21H 


f) .320 


7.381 


8.435 


10 544 


12.653 


14.7r,2 






2.149 


4.297 


0.446 


7.520 


8.594 


10.743 


12.892 


15.040 1 


,0. 



Diifsido diameter of any gear w iqiial lo the pitcli iliuiuctcr of a similar gear with 
two addit ional teeUi. 

Inside diamotcr of any goar is equal to the pitch diameter of a nmilar gear with 
two less teeth, minus the clearance. 

Tbeee two tvUm do not hold for guars with leas than 17 teeth. 
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DETAILING IN QBNKRAL 

TABLE 160 iCmUtiwed) 
FkicB DiAnnBBB OP Qbabb Km Cibcolab PnoB. 



Circular Pitch in Inches 



H 


H 


H 






H 




H 


2.188 

2.228 
2.268 
2.308 
2.848 


4.877 

4.456 
4.536 
4.615 
4.606 


6.666 

6.6S5 
6.804 
6.923 
7.043 


7.660 

7.799 
7.937 
8.077 
8.216 


8.764 

8.913 
9.072 
9.231 
0.800 


10.042 

11.141 
11.340 
11.539 
11.738 


13.180 

13.369 
13.608 
13.846 
14.085 


15.810 

15.597 
15.876 
16.154 
16.433 


2.387 
2.427 
2.467 
2.507 
2.546 


4.775 
4.854 

4.\rM 

5.013 
5.008 


7.162 
7.281 
7 401 
7.520 
7.630 


8.350 
8.495 
8 634 
8.773 
8.013 


9.549 
0.708 

9.8as 

10.027 
10.186 


11.937 
12.136 
12.335 
12.533 
12.732 


14.324 
14.563 
14.801 
15.040 
15.270 


16.711 
16.090 
17.2f)8 
17.547 
17.825 


2.586 
2.626 

2 cm 

2.706 
2.745 


5.173 
5.252 
5 . 332 
5.411 
0.491 


7.759 
7.878 
7.998 
8.117 
8.236 


9.052 
9.191 
9.330 
9.470 
9.009 


10.345 
10.504 
10.663 
10.823 
10.982 


12.931 
13 130 
i:\ :V2\) 
13.528 
13.727 


15.518 
15.756 
15.995 
1() 2;u 
16.473 


18.104 
18.382 
18.661 
IS 939 
19.218 


2.78."^ 
2.825 1 
2.866 
2.905 
2.044 


5 . 570 
5. 050 
6.780 

5.889 


8.356 
8.475 
8.604 
8.714 
8.833 


9.748 
9.888 
10.027 
10,166 
10.305 


11.141 
11.300 
11.450 

11.618 
11.777 


13.926 
14.125 
14.324 
14.523 
14.722 


16.711 
16.950 
17.190 

17.427 
17.666 


19.496 
19.775 
20.064 
20.332 
20.611 


2.084 

3 024 
3.064 
3.104 
3.143 


5.968 
0 048 
6.127 
6.207 
6.287 


8.952 
9 072 
9.191 
0.811 
0.430 


10.445 
10.584 
10.723 
10.862 
11.002 


11.937 

12. (m 

12.255 
12.414 
12.573 


14.021 
15.120 
15.319 
15.518 
15.717 


17.905 
18.144 
18.382 
18.621 
18.860 


20.889 
21.168 
21.446 
21.725 
22.003 


8.188 

3.223 
3.263 
3.302 
3.842 


6.866 

6.446 
6.525 
6.605 
6.685 


9.549 
9.6<)9 
9.788 
9.907 
10.027 


11.141 
11.280 
11.419 
11.559 
11.008 


12.782 

12.892 
13.051 
13.210 
13.860 


15.915 

16.114 
16.313 
16.512 
16.711 


19.099 
19.337 
19.576 
19.815 
20.054 


22.282 

22.560 
22 839 
23.117 
23.806 


3.382 
8.422 

3.462 

zm 

3.541 


6.764 
6.844 

6.923 
7.003 
7.082 


10.146 
10.266 

10.385 
10.504 
10.624 


11.837 
11.076 

12.116 
12.255 
12.394 


13.528 
18.687 

13.846 
14.006 
14.165 


16.910 
17.100 

17.308 
17.507 
17.706 


20.292 
20.631 

20.770 
21.008 
21.247 


23.674 
28.063 

24.231 
24.510 
24.788 


3.581 
3.621 
3.661 
3.700 
3.740 


7. 162 
7 . 242 
7.321 
7. 101 
7.480 


10.743 
10.862 
10.982 
11.101 
11.220 


r2.5.'i3 
12.073 
12.812 
12.951 
13.090 


14.324 
14.483 
14.642 
14.801 
14.961 


17.905 
18.104 
18.303 
18.502 
18.701 


21 .48*) 
21.725 
21 .963 
22.202 
22. Ui 


2o . 067 
25.345 
25.624 
25.902 
26.181 


3.780 

3.820 
3.860 
3.899 
3.030 


7.560 
7.639 
7.719 
7.71>9 
7.878 


11.340 
11.459 
11.579 
11.698 
11.817 


13.230 
13.369 
13.508 
13.(VtS 
13.780 


15.120 
15.279 
15.438 
15.597 
15.756 


18.900 
19.099 
19.298 
19.497 
19.695 


22.680 
22.91H 
23.157 
23 . 3% 
23.635 


26.460 
26.738 
27.017 
27.295 
27.674 



titfdde diameter o£ any gear is equal to the pitch diameter of a similar gear will 
ional teeth. 

aide diameter of any gear is equal to the pitch diameter of a aimila* gear 

PS.S tooth, minus the clearance, 

ieoQ two ruke do not hokl for gcttru with less than 17 teeth. 



310 BBIDQ8 ENGINBEBDTa Cbaptkb XVI ; 

TABLE ICe iConlinued) 



PnCB DUKBTSBB OF GbABS FOB ClBCULAB FlIGB. 



No. 






CncuLAR Pitch in Inchbi 






No. 


















nf 






















1 




IK 


ih • 


IH 




S 


TmHh 


1 9 






4 775 


5 . 252 


5 . 730 








13 


4.138 


4.655 


5.173 


5 690 


6.207 


7 242 


8 . 276 


13 


14 


4.456 


5.013 


5.570 


6.127 


6.685 


7.799 


8.913 


14 


15 


4.775 


5.371 


5 . 9(>S 


6 ."><)5 


7 162 


8.356 


9.549 


15 


16 


5.093 


5.730 


6.366 


7^003 


7.639 


8.913 


10.186 


16 


17 




V.ilOO 


6.764 


7.440 


8.117 




1A IHIil 


17 
If 


18 


6.730 


6.446 


7.162 


7.S7S 


8.594 


10.027 


11.459 


18 


19 


6.048 


6.804 


7.560 


8.316 


9.072 


10.584 


12.096 


19 


20 


6.366 


7.162 


7 . 9.18 


8 . irA 


9 . 5 19 


11.141 


12.7.32 


20 


21 


6.685 


7.520 


8.356 


9.191 


10.027 


1 1 . 698 


13.360 


21 




1 . KRhJ 


7 S78 


8.754 


9.629 


10.504 


i'> '>^f; 




oo 


23 


7.321 


8.236 


9.151 


10.067 


10.982 


12.812 


14.642 


23 


24 


7.639 


8.594 


9.649 


10.504 


11.459 


13.369 


15.279 


24 


25 


7.968 


8.962 


9 947 


10 942 


11 937 


18.926 


15.915 


25 


26 


8.276 


9.311 


10.345 


11.380 


12.414 


14.483 


16.552 


26 


97 






10.743 


11 .817 


12.892 




17 IJiO 


97 


38 


8.913 


10.027 


11.141 


12.2.55 


13.369 


15.597 


17.825 


28 




9.281 


10.386 


11.639 


12.698 


13.840 


16.154 


18.402 


29 


30 j 


9.549 


10.743 


11 937 


13 1.30 


14 324 


16.711 


19.099 


:jo 


31 


9.868 


11.101 


12.336 


13.568 


14.801 


17.268 


19.735 


31 








12.732 


14.006 


15 279 




. o4 Z 


■^9 

oil 


33 


10.504 


11.817 


13.130 


14.443 


15.756 


18.382 


21.008 


33 


34 


10.823 


12.176 


13.628 


14.881 


16.234 


18.989 


21.645 


34 


35 


I 11.141 


12. 533 


13.926 


15.319 


16 711 


19.496 


22.282 


35 


36 I 


11.459 


12.892 


14.324 


15.756 


17.1S9 


20.054 


22.918 


36 


17 ' 


1 1 777 

11.441 


1 1 > . ^tiyj 


1 4 7J2 


It; r.n 


17. mK) 


^y> .1)11 


Zt} . ijOij 


'17 


38 1 


12.(XMj 


13 608 


15 120 


It; r..;j 


18.144 


21 . 168 


24 . 192 


38 


39 


12.414 


13.966 


15.518 


IT.CXilt 


18.621 


21.725 


24.828 


39 


40 


12.732 


14 324 


15 915 


17 507 


19 0<M) 


22.282 


25 465 


10 


41 


13.051 


14.682 


16.313 


17.945 


19.576 


22.839 


26.101 


i 








16.711 


18.382 


20.a'>4 




OA TOO 

so. loo 




43 


13 687 


15 .398 


17.109 


18.820 


20 .131 


23.9.')3 


27. 375 


' 43 


44 


14.006 


15.756 


17.507 


19.258 


21.008 


24.510 


28.011 


44 


45 1 


I 14.324 


16.114 


17 *><).", 


19.695 


21 .486 


25 0<}7 


28.648 


45 


4() 


1 14 642 


16.473 


1H.303 


20 133 


2l.iM)3 


25.624 


29.285 


46 


47 


14.961 


16.831 


18.701 


20.571 


22.441 


26.181 


29.921 


47 


48 


16.279 


17.189 


19.009 


21.008 


22.918 


26.738 


30.558 


48 


49 


16.507 


17.647 


19.496 


21.446 


23.396 


27.295 


31.194 


49 


30 


16.915 


17.905 


19.894 


21.884 


23.873 


27.862 


31.881 


50 


51 


16 2.34 


IS 263 


20 292 


22 .321 


24 .351 


28.4m) 


32 UlS 


51 


52 1 


16 . .')52 


18.621 


20 ()90 


22 7.')9 


21 S2S 


28 ms 


33.104 


.52 


53 


16.870 


18.979 


21.aS9 


23.197 


25.306 


29.523 


33.741 , 


1 53 


54 


17.189 j 19.337 


21.486 


23.636 


25.783 


30.060 


34.377 

1 


1 54 

1 



Outaide diameter of any gear is equal to the pitch diameter of a aimilar gear with 

two additional teeth. 

Ineddc diameter of any gt ur i.s equal to the pitch liiaiiieter of a bimilur gciir wilh 
two leai teeth, minus the clearance. 

"Dieio two inks do not hold for gears with leas than 17 teeth. 
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DETAILING IN GENERAL 
TABLE 16« (CmOiniuedj 

PnCB DlAM£T£aS OF G£AB3 FOB ClBCULAR PiTCH. 



17.507 
17.825 

18.144 

18.462 
18.780 

19.099 
19.417 
19.735 

20.054 
20.372 

20.690 
21.008 
21.327 
21.645 
21.963 

22.282 

22.600 
22.918 
23.237 
23.655 

23.873 
24.192 
24.510 
24.828 
25.146 

25.465 
25.783 
26. 101 
26.420 
26.738 

27.a56 
27.375 
27.698 
28.011 
28.330 

28.648 
28.966 
29.285 
29.603 
29.921 

30.239 
30 .558 
.30.876 
31.194 
31.513 



19.695 
20.054 

20.412 

20 770 
21.128 

21.486 
21.844 
22.202 
22. .560 
22.918 

23.276 
23.635 
2;i.99a 
24.351 
24.709 

26.067 

25.425 
25.783 
26.141 
26.499 

26.837 
27.215 
27.574 
27.932 
28.200 

2S.64K 
29.006 
29.364 
29.722 
30.080 

30.438 
30.796 
31.155 
31.513 
31.871 

32.229 
32. 587 
32.945 
33.308 
33.661 

34 019 
34 377 
34 73() 
35.094 
35.452 



21.884 
22.282 

22.6S0 
23.077 
23.475 

23.873 
24.271 
24.669 
25.067 
25,465 

25.868 

26 261 
2»>,0.")8 
27.a56 
27.454 

27.862 

28.230 
28.648 
29.046 
29.444 

29.842 
30.2.39 
30.6.37 
31.035 
81.433 

31.831 
32 . 229 
32.627 
33.025 
33.423 

33 820 
34.218 
34.616 
35.014 
35.412 

35.810 
3f\ 2(N 
30.606 
37.004 
87.401 

37.799 
38 107 
38 . 595 
38.993 
89.891 



IH 



24.072 
24.510 

24 . 948 
25.385 
25.823 

26.261 
26.098 
27.136 
27.574 
28.011 

28.449 

^.887 
2t).324 
29.762 
80.200 

30.637 

31.075 
31.513 
31.950 
82.888 

32.826 
33.263 
33 701 
34.139 
34.576 

35.014 
35.452 

35.889 
36 . 327 
30.705 

37.202 
37.640 
38.078 
38.515 
38.953 

39.391 
39.829 
40.266 
40.704 
41.142 

41.579 
42 ()17 
42 . 455 
42.892 
48.880 



26.261 
26.738 

27.215 
27.693 
28.170 

28.648 
29.125 
29.603 
30.080 
30.558 

31 .035 
31.513 
31.990 
32.468 
32.946 

88.428 

33.900 
34.377 
34.855 
85.832 

35.810 
36.287 
36.765 
37.242 
87.720 

38.197 
38.675 
39.152 
39.630 
40.107 

40.585 
41.062 
41.589 

42.017 
42.494 

42.972 
43.449 
43.927 
44.404 
44.882 

45.359 
45 837 
46.314 
46.792 
47.269 



IK 



30.637 
31.194 

31 .751 
32.308 
32.865 

33.423 
33.980 
84.587 

35 094 
35.051 

36 2as 

3('. TC..') 
37.322 
37.879 
38.436 

88.998 

39. 5.50 
40.107 
40.664 
41.221 

41.778 
42.335 
42.892 
43.449 
44.006 

44.563 
45.120 
45.677 

46 235 
40 . 792 

47.349 
47.906 
48.463 
49.020 
40.577 

50.134 
50.691 
51.248 
51.805 
52.862 

.52 919 
.53.476 

54 n:vA 

34.590 
55.147 



35.014 
35.651 

36 287 
3() . 924 

37 or.i 

38.197 
38.834 
30.470 
40.107 
40.744 

41.380 
42 017 
42.654 
43.290 
48.927 

44.668 

45 200 
45.837 
46.473 
47.110 

47 . 746 
48.383 
49.020 
49.656 
50.293 

50.930 
51.566 
52 . 203 
52.839 
53.476 

54 113 
54.749 
55.886 
.56.023 
56.659 

57.296 
',7 '132 
38.309 
59.206 
59.842 

60.479 

61.116 
01.7.52 
02.389 
63.025 



itsidc diametcrof any gear is eqaal to the pHofa diameter of a flii^ 

onal teeth. 

»ide diameter of any kgox ia equal to the pitch diameter of a similar gear 
m teeth, mintu the dearanoe. 

leae two rules do not hold for gears with less than 17 teeth. 

Oigi 



No 
of 

reel 

12 
13 
U 

16 

16 
17 
IS 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

46 
40 

47 
48 
49 

50 
51 
52 

53 
54 

O 
x> f 

Ir 



BBID0B SNOnnBBBZHO 

TABLE 16e (CcnfiniMd) 

Pitch Diametbbb op Gbabs for Circul.va P 



2H 


2H 


2»; 


3 




8.594 
9.311 
10.027 


9.549 
10.346 
11.141 


10.504 
11.380 
12.266 


11.459 
12.414 
13.300 


12.414 
13.449 
14.483 


10.743 

11.459 
12.175 
12.892 
18.608 


11.937 

12 732 
13.528 
14.324 
16.120 


13.130 

14 006 
14.881 
15.756 
16.632 


14.324 

15.279 
16.234 
17.189 
18.144 


16.618 

16.552 
17.587 
18.621 
19.066 


14.324 
15.040 
15.756 
16.473 
17.189 


15.915 
19.711 
17.507 
18.303 
19.099 


17.607 
18.382 
19 2,">8 
20.133 
21.008 


19.099 . 
20.054 

21 OOS 
21.963 
22.918 


20^690 
21.726 

22 750 
23.794 
24.828 


17.9a5 

18.621 
19.337 
20.a54 
20.770 


19.894 
20.690 
21.4H6 
22 2K2 
23.077 


21.884 
22.759 
23.635 
24 .')10 
25.385 


23.873 
24.828 
25 . 783 
20 73.S 
27.693 


25.863 
26.897 
27.932 
28.i»66 
30.001 


21.486 
22.202 
22.918 
23.635 
24.351 


23.873 
24.669 
25.465 
26.201 
27.055 


26.261 
27.136 
28.011 
28 , KS7 
29.762 


28.648 
29.603 

30 5.58 

31 .-,13 
32.468 


31.a35 
32.070 
33.104 
34.139 
35.173 


25.067 
25.7H3 
26.499 
27.216 
27.932 


27.852 
28.648 
29.444 
30.239 
31.035 


30.637 
31.513 
32.388 
33.263 
84.139 


33 423 

34 377 
35.332 
36.287 
37.242 


36.208 
37.242 
38.277 
39.311 
40.346 


28.648 

2< t 3<H 
3O.().S0 
30.796 
31.613 


31 8.31 

32 027 

33 42,3 
34.218 
36.014 


35.014 
35.889 
.30 765 
37.640 
38.616 


.38 107 
39 152 
40.107 
41.062 
42.017 


41 380 

42 415 

43 449 
44.484 
46.618 


32.229 
82.945 

33.661 
34 377 
35.094 


35.810 
36.606 

37.401 
38.197 
38.993 


39.391 
40.266 

41.112 
42 017 
42 892 


42.972 
43.927 

44.882 
45.837 
46.792 


46.553 
47.587 

48 022 
49.656 
60.691 


35.810 
36.526 
37.242 
37 . 9.">S 1 
38.675 


30 7s<) 
4()..">.s.> 
41.3S0 
42. 170 
42.972 


43 . 708 
44 . 643 
45.518 
40 394 
47.269 j 


47 746 
4K 701 
49.6.56 
.50 611 
51.566 


51 725 
52 . 700 
53.794 
54.829 
55.863 



le diameter of any gear is equal to the pitch cliumcter of a 
ional teeth. 

diamotcr of nny ^ear i.s equal to the piteh ^'ftT^^ of a 
eeth, minu0 the deaxance. 

two rules do not hold for |aan with \em than 17 taeth. 
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TABLE 16e (Coiilifitieif) 



Pitch DiAJdETOaci of Geahs fok Circular Pitch, 



t 

. » V*. 

of 






dacuLAK Pn 


CB m iNcni 






no* 
of 








8 


8« 


9H 


55 


30.391 


43 768 


48 144 


52.521 


56.898 


61.275 


55 




40.107 


44.563 


40.020 


53.476 


57.932 


62.389 


56 


57 


40 823 


45 . a59 


}•> S05 


54.431 


58 0*17 


ai . .503 


57 


56 


41 'hVi 


46. 1.55 


50 . 770 


55 . 386 


60.001 


64 617 


58 


59 


42 2,56 


46 051 


51 646 


56.341 


61 036 


65.731 


59 


60 


42.972 


47 746 


52 .521 


.57.296 


62 070 


66 845 


60 


61 


43.688 


48^542 


53.396 


58.251 


63.105 


67.959 


61 


112 


44.404 


40.388 


54.272 


69.208 


64.139 


69.073 


62 


63 


45.120 


60. 1.34 


55.147 


60 161 


65. 174 


70 187 


63 


64 


45.837 


50 930 


56.023 


61.116 


66 208 


71.301 


64 


65 


40 r).")3 


51 725 


5r» s!l8 


62 070 


67 243 


72 415 


65 


66 


47.269 


52.521 


5 1 n,\ 


a? 025 


68.277 


73 530 


66 


67 


47.985 


53.317 


58.649 


63 . 980 


69.312 


74.644 


67 


66 


48.701 


54.113 


59.524 


64.935 


70 346 


75.758 


68 


69 


40.418 


54.006 


60.300 


65.800 


71.381 


76.872 


60 


70 


50.134 


55 704 


61.275 


66.845 


72.415 


77.986 


70 


71 


50.8.50 


56.500 


62.150 


67.800 


73 4.50 


70 100 


71 


72 


' 51.566 


57 . 2f H > 


ai 025 


as 7.55 


74 4S5 


SO. 214 


72 


73 


1 52.282 


58.0f)>2 


63.901 


69.710 


75 519 


»1.328 


73 


74 


1 JS'SI 


58.887 


64.776 


70.665 


76 554 


82.442 


74 

• • 




53.715 


59 683 


65 651 


71.620 


77 588 


83 556 


75 

V w 


75 


M.431 


60.470 


66.527 


72.675 


78.623 


84.670 


76 


77 


55.147 


61 . 275 


67.402 


73, 530 


79 6,57 


85.785 


77 


78 


55 863 


62 . 070 


as 277 


74 4S5 


80 692 


86 899 


78 


79 


56.580 


62.866 


09. 1.53 


75 . 439 


81 726 


88.013 


79 


SO 


57.296 


63.662 


70 02S 


76 3M 


82 761 


89. 127 


80 


SI 


58.012 


64.458 


70.iH)4 


77.349 


83.795 


90.241 


81 


82 


58.728 


66.254 


71.770 


78.304 


84.830 


91.856 


82 


83 


59.444 


66.019 


72.6.54 


79 . 259 


85 . 8f »4 


02 469 


83 


&4 1 


00.161 


66.845 


73.530 

■ • www 


80.214 


86 899 


93.583 


84 


So 


60.877 


67.641 


74 405 


81 160 


87 033 


94 607 


I 85 


86 


61.593 


as 437 


75 2S0 


82. 124 


S,S.<M)S 


95 811 


m 


87 


62.309 


69 . 2^i2 


76. 1.54) 


S:i.079 


90.(K)2 


96 . 92,5 


87 


88 


63.025 


70.028 


77.031 


84.a34 


91 .o;i7 


98 039 


88 


60 


63.742 


70.824 


77.006 


84.989 


92.071 


99.154 


80 


90 


64.458 


71.620 


78.782 


85.944 


93.106 


100.268 


90 


91 


05.174 


72.416 


79.a')7 


86.899 


94.140 


101 :'.s2 


01 


92 


a5 890 


73 . 21 1 


80..5:?2 


87.8.54 


95. 175 


102.496 1 


1 92 


93 


66.606 


74.007 


81.408 


88.808 


96.209 


103.610 


i 93 


94 


67.323 


74.803 


82.283 


89.763 


97.244 


104.724 


1 9* 


95 


68.039 


75.599 


83.158 


90.718 


98.278 


105.838 


i 95 


96 


68.755 


76.304 


84.034 


91.673 


99.313 


106.952 


96 


ft7 


69.471 


77.190 


84.909 


02 02S 


100. 34 7 


lOS (MjO 


' 97 


98 


70 187 


77.986 


85.785 


93 . 58.3 


101. 382 


1(>.>, 180 


98 


99 


1 70.904 


78.782 


86.660 


94.538 


102.416 


110.294 


99 



pMA& diuBBftr of any gear is equul to the pitch diameter of a nmilar gear with two 

I dditional twth. 

lmu\(- diameter of any f;o.nr h equal to the pitch diameter of a aimilar gear with 
|l»0 less teeth, minus the clearance. 

I ^fhoe two rules do not bold for gwn with leas than 17 teeth. 

^^^^MM^^^^ Digitized by Coog^e 



Ml 

12 

13 
14 

15 
16 
17 
18 
10 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
87 

38 
39 

40 
41 
42 
43 
44 

45 

46 
47 
48 
40 

50 
51 
52 
53 
54 

Oul 

o ;nl 



BBIDCn BNGINURINO 

TABLB 16e iConHmud) 
PtTCB DuimBBB or Obabs fob CnCOLAB 



mm 



CmsjauM Pim » hKmm 





4 


1 

4H 


6 




14.324 

15.518 
16.711 


15.279 

16.552 
17.826 


17.188 

18 021 
20.054 


19.009 

20.690 
22.282 


21.008 

22 7 .-n 

24.510 


17.9a5 
19 099 
20.292 
21.486 
22.680 


19.099 
20.372 
21.643 
22.918 
24.102 


21.486 
22.918 
24.351 
25.783 
27.216 


23 873 
25 . 465 
27.056 
28.648 
30.230 


26.261 
28.011 
29.762 
31.513 
83.263 


23.873 

25 0()7 
26.2t)l 
27.454 
28.648 


25.465 

26 738 
28.011 
29.285 
80.558 


28.648 

30.080 
31.513 
32.945 
84.877 


81.831 

33 423 
35 014 
36.606 
38.107 


85.014 

36 765 
38.515 
40.266 
42.017 


29.842 
31.035 
32 . 229 
33.423 
34.616 


31.831 
38.104 

34 377 
35.651 
36.924 


36.810 
37.242 
3S 675 
40.107 
41.539 


39.789 
41.380 
42.972 
44.563 
46.155 


43.768 
45.518 
47 269 
49.020 
60.770 


35.S10 
37.004 

;i«).:{<»i 
40. oSo 


38.197 
39 470 
40.744 
42,017 
43.290 


42.972 
44.404 
4r^ . S37 
47.*2*i9 
48.701 


47 746 
49. 338 
50.930 
52 521 
54.113 


52.521 
54.272 
56 ()2;i 
.57 . 773 
59 . 524 


41.778 
42.972 
44.165 

45.3.')0 
46.553 


44 563 
45.837 
47.110 

IS :m 

49.656 


.50 134 
51.566 
52.999 
54 431 
65.863 


65.704 
57.296 
58.887 
60 479 
62.070 


61 275 
63.025 
64.776 
66 527 
68.277 


47.746 
48 940 
50.134 
51.827 
52.521 


50 u:iO 
52 . 20;i 
53.476 
54.749 
66.023 


57.296 
5S . 72S 
(K).lCl 
61.603 
63.026 


6:^.662 
65 254 
mi. 845 
68.437 
70.028 


70.028 
71.779 
73 . 530 
75.280 
77.031 


58.715 

54.008 
5<>. 102 
57.296 
58.488 


57.290 

5>^ . r.GO 
59 . H42 
61.116 
62.880 


64.458 

65 . SIX) 
67 323 
68.755 
70.187 


71.620 

73 211 
74 . 803 
76.394 
77.086 


78.782 

80. 532 
82.283 
84.034 
86.785 


59.683 
60.877 
62 070 
63.204 
64.458 


63.662 
64.935 
66.208 
67.482 
68.755 


71.6*20 
73.052 
74 . 4S5 
75.917 
77.349 


79.577 
81.169 
82.761 
84.352 
86.044 


87.535 
89.2S6 
91.037 
92.787 
04.638 



le diameter of any gear ia equal to the pitch diameter of a 

i()n;!l tft'th. 

diiuneter of any gear is equal to Uie pitch diamotcr ol a 
eeth, minus the clearance. 

two rules do not hold for gean with leas than 17 teeth. 



No. 
el 

r«Kh 

55 
56 
57 
58 

59 

60 
61 
62 
63 
61 

65 
66 

67 
68 
60 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 

90 
91 
92 
93 
94 

» 
96 
97 
98 
99 

Oai 
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TABLE 16e {Continued) 
Pitch Diameters or Gears for Circulab Pitch. 







Circular Pitch in 


iNrHKS 








No. 

Of 

Teeth 




4 


44 


5 


64 


6 


65.651 


70.028 


78 7S'> 


87 


535 


96.289 


105.042 


55 


tta. QIC 
DO .o4o 


/ I . oUl 


so '>14 


S9 


127 


98 039 


106.952 


56 


68.039 


72.575 




IM) 


7 IS 




7<WI 


lOS 


862 


57 


69.232 


73.H4K 




92 


.310 


IDI 


• )*T I 


110 772 


58 


70.426 


75.121 


84.511 


93 


.<K)1 


1 uo 




112 


682 


59 


71.620 


76.394 


85 044 


95 493 


105 


042 


114 


592 


60 




77 . W)N 




97 


085 


1 f¥i 


70*? 


116 


.501 


61 


74.007 


78 . <M I 


OO . o^^ » 






Iv/o 


• ri-T 


IIS 


411 1 


()2 


75.201 


80 214 


• M# , tot 1 


Jim 




1 in 




120 


321 


63 


76.394 


81.487 


91.673 


111! 








122 


2,31 


64 


77.588 


82.761 




mi 


451 


113 


796 


124 


141 


65 




OA 4 

o4.U.>4 


»>4 ."iTlS 


105 


042 


115 


546 


126 


05 1 


1 66 


79.975 


85.307 








117 


2<)7 


127 


<K)1 


67 


81 . 169 


86.580 




libs 




119 


(V4S 


12*) 


S70 


()8 


82.363 


87.H54 


98.835 




S17 


120 


71H> 


131 


780 


69 


83.556 


89.127 


100 "^rkS 


III 


40S 


122 


.5*19 


1.33 


090 1 


70 


o4.7oO 


W). 4(J(J 




113 


(KM) 


124 


300 


135 


m) 1 


1 1 


85 944 


91.673 


103 l.T> 


114 


5<)2 


1*26 


051 


137 


510 


72 


87.137 


92.946 


104 ■><»'» 


116 


1S.3 


127 


801 


139 


420 


73 


88.331 


94.220 


105.997 


117 


775 


129 


552 


141 


330 


74 


89.525 


95.943 


107 4*^0 


119 


366 


131 


303 


143.2.39 


/.5 




yo. 7oo 


ins s<i"> 


120 


95S 


133 


0.54 


145 


149 


/6 


91.912 


98.039 


1 1 0 *X)4 


122 


549 


134 


.^0-1 


147 


059 


77 


93.106 


99.313 


111 7'>7 


124 


141 


136 


.5.5.5 


148 


IM)9 


78 


94.299 


100.586 


113.159 


125 


732 


138 


306 


150.879 


79 


95.493 


101.859 


114 5Q9 


127 


324 


140.0.56 


152.789 


SO 


vO.Oo/ 




lift 024 


12S 


916 


141 


807 


154 


699 


1 


97.880 


104.406 


117 4^ 


130 


507 


143 


5.58 


156.608 


82 


99.074 


105.679 


118 S80 


132 


0<>9 


145 


308 


1.58 


518 


83 


100.268 


106.952 


120.321 


133 


(i90 


147 


059 


\m 


428 


84 


101.461 


108.225 


1 to 1 . f t 


135 


2S2 


14S 


SIO 


162 


3.38 


85 


lUZ.DOO 


IDA ^{Vl 

luy . 4y*j 


ISA 


136 


873 


150 


.561 


164 


248 


act 
1 80 


103.849 


110.772 


104 file 

1 to^ . 1 0 


13S 


465 


152 


311 


100 


1.5s 


87 


105.042 


112.045 


lofi n^i 


140. 056 


154 


0()2 


lOS 


Ofis 


88 


106.236 


113.318 


127.483 


141 


648 


155.813 


109 


977 


89 


107.430 


114.592 


12s. 916 


143 


239 


157 


5(v3 


171 


S87 


1 

90 


108.623 


115.865 


130.348 


144 


831 


159 


314 


173 


797 


91 


109.817 


117.138 


131. 7S0 


146.423 


161 


(X)5 


17.5 


707 


92 


111.011 


118.411 


133.213 


US 


014 


162 


Sl(> 


177 


r)17 


93 


112.204 


119.685 


134.645 


149 


(K)6 


104 


.506 


179 


527 


94 


113.398 


120.958 


136 077 


151 


197 


166 


317 


ISl 


437 , 


95 


114.592 


122.231 


137.510 


152 


7S9 


16S 






347 


IK) 


115.785 


123.504 


13S.942 


154 


380 


169 


SIS 


1S5 


2.5<) 


97 


116.979 


124.777 


140.375 


155 


972 


171 


.5()9 


1S7 


107 


98 


118.173 


126.061 


141.807 


157 


563 


173 


320 


189 


07r> 


99 



de diameter of any gear ia equal to the pitch <liamctcr of ;i .«itnil:ir c<\'ir with two 
d teeth. 

B diameter of any gear \» equal to the pitch (linmetcr of :i similar gear with 
teeth, minus the clearance. 



I two rules do not bold for gears with less than 17 teeth. 
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TABLE W 
GoMPBiSBioN Mnons or Cabboit 

I 



8mL wm FixiD ESnds. 



16.000 - eo^. 



t 

w 




I 
1 


P 


r 


1 




9A 


o 




*>7 


Q 
O 






A 


lO/OU 


OQ 


o 


1 i«7nn 
lOf uu 




A 
O 




11 
Ol 


*r 
f 


1JUUM 




Q 

O 


1 ".•>n 




Q 






1 n 


1 KAnn 1 


IS 


1 1 
1 1 


1 




1 9 




17 
of 






OQ 
UO 


14 


lOlQU 


10 


15 


15100 


40 


16 


15040 


41 


17 


14080 


42 


18 


14920 


43 


19 


14H()0 


44 


20 


14800 


45 


21 


14740 


46 


22 


14<>S0 


47 


23 


1462U 


48 


24 


14560 


49 


25 


14500 


50 



14440 
14:iS() 
14320 
142r>0 
14200 
14140 
14060 
14020 
131MK) 
13900 
13840 
13780 
137-20 
13660 
13600 
13540 
13480 
13420 
133t>0 
13300 
13240 
13180 
13120 
13060 
13000 



.')! 
')2 
53 
54 

.').) 

5(> 
57 
58 
59 
60 
01 
02 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 



12940 
12S\0 
12820 
127r>0 
1J7(H) 
12040 
12580 
12')20 
12400 
12400 
12340 
12*280 
122*20 
12160 
12100 
12040 
11980 
119-20 
llS(M) 
IISOO 
11740 

11020 
11560 
11500 



76 
77 
78 
79 
SO 
71 
82 
83 
84 
85 
86 
S7 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
90 
100 



11440 
11380 
1 1320 
11260 
11-200 
11140 
11060 
11020 
10960 
10900 
10840 
10780 
10720 
10660 
10000 
10540 
10480 
10420 
10360 

io:ioo 

10240 
lOlSO 
10120 
14 
K 



101 

102 
103 
104 

10.- 

100 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 



9940 
9880 
98-20 
9760 
9700 
9040 
0580 
9520 
9460 
9400 
9340 
9*280 
9220 
9160 
9100 
9(H0 
8960 
8920 
8860 
8800 
8740 
8680 
8620 
8560 
8500 



120 
1*27 
1*28 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
130 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 



8440 
8380 
8320 
8260 
8200 
8140 
8060 
8020 
7960 
7900 
7840 
7780 
7720 
7660 
7600 
7540 
7480 
7420 
7360 
7300 
7240 
71S0 
7120 
7060 
7000 



TABLE 16g 

Intensities fok Cumpiibsbion Membkhs of rAunox Steel, witu Hinged Ends. 

P - 16,000 - 80-. 

r 



I 
7 


P j 


I 

T 


P 


l_ 


P 


1 t 
7 


P 


r 


p 


1 


15920 


25 


14000 


49 


12060 


73 


10160 


97 


-m^ 

8240 


2 


15840 


26 


13920 


50 


12000 


74 


lOOSO 


98 


8160 


8 


1570,0 


27 


i:i840 


51 


119*20 


75 


10000 


99 


S080 


4 


15680 


28 


13760 


52 


11H40 


76 


9920 


100 


8000 


5 


15600 


29 


13680 


53 


11760 


77 


9840 


101 


7920 


6 


15520 


30 


13600 


54 


116S0 


78 


9760 


102 


7840 


7 


15440 


31 


13520 


55 


11(-)<K) 


79 


9680 


I Oil 


7760 


8 


15360 


32 


13440 


56 


11.V20 


SO 


9600 


101 


7680 


9 


15*280 


33 


13360 


57 


11440 


81 


9520 


105 


7600 


10 


15*200 , 


34 


13*2^0 


58 


11300 


82 


9440 


100 


7520 


11 


151*20 


:» 


13200 


59 


11280 


83 


9360 


107 


7440 


12 


15040 


36 


13120 


60 


11200 


84 


0280 


108 


7360 


13 


14930 


37 


13040 


61 


11120 


85 


9200 


109 


7280 


14 


14880 


38 


12^)60 


(>2 


11 (MO 


86 


9120 


110 


7200 


15 


14800 


39 


1*^880 1 


03 


lOlKiO 


S7 


9040 


111 


7120 


16 


14720 


40 
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23 


MUX) 


47 


12240 


71 


io;?20 


95 


8400 


119 


(•>480 


24 


14U80 L 


48 


12100 


72 


10240 


96 


8320 







Digitized by Google 



I 



DETAILING IN GENERAL 



323 



TABLE leh 

IVXXMBITUBa FOB FOBKSD £nDS AND ExTKNSION-Pl^TSS OF COMPBiaBION MgMneipp 

OF Caiibon Steel. 



FotmiiU: P « 10»000 - 300f • 





1 P ( 




p \ 


I ' 


P 


1 


9700 


11 


6700 


21 


3700 


2 


9400 


12 


6400 


22 


3400 


3 


0100 


13 


r.ioo 


23 


3100 


4 


8800 


14 




24 


2800 


5 


8500 


15 


6500 


25 


2r>00 


5 


8200 


16 


5200 


26 


2*200 


7 


7900 


17 


4000 


27 


1900 


8 


7600 


18 


mio 


28 


1(K)0 


9 


7300 


19 


4300 


29 


1300 


10 


7000 


20 


4000 


' 80 


1000 



TABLE 16i 
BBAsm o Valves FOB CaBBON StBBL Plus. 



522,000 Lbs. 
pvrSq. III. 



Bbarjng 



44,000 
49,500 
55,000 
60.500 
66,0(X) 
71.a(X) 
77,000 
82,500 

as,ooo 

93,500 
99,000 
101..")(K) 
110,000 
116,000 
ILM.O K) 
127,000 
132,000 
138,000 
143,000 
149,000 
154,000 



28,600 Lbs, 
par Sq. In. 



')7,200 
64,400 
71,500 
78,700 
S.5,<S00 
93,000 
100,100 
107,300 
114,400 
121,600 
128,700 
135,?K)0 
143,000 
150,000 
157,000 
165,000 
172,000 
179,000 
186,000 
193,000 
200,000 



JDiain. 

Pin 
CIm.) 



Bbabino 



7H 
73i 
7K 
8 

8K 
8H 

9 

10 

mi 

4 
11 

11'.^ 

11'/^ 
12 

12H 



1014 



22,000 Lbs. 2.S,600 Lb*. 



per Sq. In. 



160,000 
165,000 
171,000 
17G,0(X) 
182,000 
187,000 
193,000 
198,000 
204,000 
209,000 
215,000 
220,0(X) 
22t>,000 
231,000 
237.000 
242. (MM) 
24S,IXX) 
2,'>3,000 
259,000 
26-1,000 
270,000 



p«r Sq. In. 



207,000 
215,000 

222,000 
229, 0(X) 
236,000 
243.{KK) 

2r)0,(X)o 

257,000 
265.000 
272,(XX) 
279,000 
286,000 
2<)3.000 
3fX),000 
308,000 

3ir>,o<x) 

322,000 
329,000 
336,000 
343,000 
350,000 



Diam. 
of 

Pin 
(In«.) 



mi 

13 

13K 
13J^ 

mi 

14 

14K 
14 '2 

mi 

15 

16J^ 
16 

16K 
17 

IS 

18 H 
19 

191;^ 
20 



Bbaswo 



22,000 Lbs. 28,600 Lb«. 
per Sq. In. I par Sq. la. 



275,000 
281,000 
286,000 
2<)2,000 
2*)7,000 
303,000 

3as,ooo 

314.000 

319,000 
325,000 
3,30,000 
341,(MK) 

.3r)2,(M;() 

363,000 
374,000 

.•^S.'.OOO 
31H3,000 
407. (KM) 
4 IS. ()()() 
42',>.(KK) 
440,000 



357,000 

365,000 
372,000 
379,000 
386,000 
393,000 
400,000 
408,000 
415,000 
422,000 
42<>,000 
443,000 
458,000 
472,000 
486,000 
500,000 
515,000 
529.000 
543,000 
.'>.^S,000 
572,000 



NOTB. — 22,000 lbs. jxT sq. in. is the allo\v:ihl»> .stn^?< PxHudinK wind. 
28,600 lbs. ptir aq, in. is the ailowubie stress includiog wind. 
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CHAPTER XVU 



BHOFWOBK AS AFFECTINO BREDOB DB8I0N 

Ever since metal bridgework was started, there has been a conflict 
of opinion between the onp;in(WR and draftsmen of the independent or 
consultinp; bridge engin(HTs and those of the manufac lurers of structural 
metiilwurk. The conf^ulting bridge engineers and tlioir assistants look at 
everything from thr point of view of ol)taining results, i)erhaps without 
full appreciation of the economics involve<l; while the manufacturers and 
their assistants, on the other hand, are constantly bearing in mind the 
necessity of keei)ing down the cost of manufacture and erection in every 
possible way so as to make the tomiage of output as great and the time 
of erection as small as practicable, often irrespective of the true interests 
of the purchaser. Those on one side of the question say: "We want the 
work to be right no matter what it may cost" and those on the other 
side remark: "What is the sense in payhog for useless frills and furbelows? 
The regular, general product of our shops ought to be good enough for 
anybody." Of late years the consulting engineers and the engineers of 
the manufacturing companies have gradual^ been getting into better 
accord, as have also their assistants, because many of them have bad 
experience in both imes d woric. 

That the agreement is far better to-day than it was two or three dec- 
ades ago nobody can deny; tm in the old days it was almost obligatory 
to leave most of the detailing to the shops. The author recalls distinctly 
the first set of plans for important bridgework that he ever prepared and 
the trouble in which th< v involved him. They were for three high, 
WTOught-iron towers, each having four battered faces. The complete set 
of plans was desip^ned. draftcnl, and traced by him with his own hamls. 
Being entirely ignorant of everj^hing connected with sliopwork, he adopted 
the academic method of development for sliowing tlie tower legs so as 
to illustrate clearly (at least to himpelf) the oblique cuts at top and bot- 
tom for the attachment of the b(»aring plates. The entire set of plans 
was returned by the shops with the remark that nobody there, from their 
chief engineer down, could understand that kind of drafting or had ever 
seen or even heard of it before; and it was necessary to make a new set 
in which only ordinary projection was employed, laying out every line 
of each oolunm and brace and marking thereon its length calculated to 
the nearest sixty-fourth of an inch so as to detennine the oblique cuts 
at the ends. 
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But in spite of all improvements in the conditions, the consulting and 
the manufacturing engineerB have not yet quite gotten together on all 
important points. Recognising this, tiie author some months ago wrote 
to several of the leading engineers engnged in structural steel manufac- 
ture asking them to state for •publication in this treatise the principal 
points wherein they differ in <^inion with the consulting bridge engineers 
in general, the intention being to bring all parties into still closer accord. 
Only two of the gentlemen communicated with were able to comply with 
the request; but, fortunately, they are two of the highest authorities in . 
their line in America, vis., Paul Wolfel, Elsq., C.E., Chief Engineer of the 
McClintic-Marshall Company, and Albert F. Reichmarui, Esq., C\E., 
Division EnpinetT of the American Bridge C ompany. I'lu ir communi- 
catioa«^ will be reproduced practically vcrl)atim; and then the autlior 
will take the lil>erty of stating those points on which he, as a con.siilting 
engineer, still has to differ with them after giving «hie and thoughtful 
consideration to all that they have said. He desires here to express to 
them his great appreciation of their kindness in complying with his re- 
quest, undoubtedly at the expense of much of their valuable time and 
energy, and also to acknowledge the great worth of their opinions on all 
practical matters connected with the manufacture of structural steel, 

Mr. Wolfel sent the following statement: 

"PoiNiB To Bb CoNBiDKRaD IN Order To Qbt tbb Bbst Kmnwn wrm thb Lsast 

EXFBNSB IN DSSIONINQ StEEL StBUCTUB». 

"(A.) MaieriaL 

"(1.) Bear in mind that all angles over 6" and all beams over 15" deep ooet S2.00 

per ton above the baae price. 

"(2.) Bear in mind that for large plates the foUowiti)? extras povcm: 
Plates over 100" up to 1 10", incluBive, SI . 00 i>er ton 



u 


U 


110" 


tt 


tt 


115" 


(( 


2.00 


(1 
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<c 
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115" 


tt 


tt 


120" 


tt 


3.00 


tt 


tt 
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120" 


it 


tt 


125" 


tt 


5.00 


(t 


tt 
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125" 


tt 


tt 


130" 


tt 


10.00 


tt 


tt 


It 
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130" 


tt 


tt 


• • « • 


m m m 


20.00 


tt 


tt 



"llierefore if you design a plate girder where a 124" web will undoubtedly answer 
jiMt as well, do not use a 126" web, as t his will cost you $5.00 per ton of material more 
than you would have to pay for the 124" web. 

*'(B.} Shopmjrk. 

Make your design so that all extra operations arc avoided. This par- 
ticularly should apply to large and heavy membcsfs or to small members used in large 
annbers. The work on theee pieces should be kept as simple as possible, and any 
odd work thai has to be done should be confined to small pieces not required in huge 
numbers. 

"(2.) Do not make the work subfHinrhcHl and reamed milesii noces.sary. Particu- 
larly, rlo not Hiibpunch and ream lateraUy lateral connections, tie-plates, lattice bars, 
diaphragms, and other minor details. 

*'(3.) Do not call for work drille<l from the Holid unless absolutely necessary or 
Uhictss by su dumg savings otherwise can be obtained. 
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"(4.) Beaming to templets is uadess unless the templets can be set from finished 
surfaces, as in chord splioes, ends of stringers, floor-beam connections, etc. Reaming 
of laterals to templets is liable to do inon* hiirm than good, li^ no finishwl surfaces are 
available. The same applies to diagonals in trusswork. While in a punched connec- 
tion a few boles may be sUghtly out, which can be corrected in the field, if a connec- 
tioii is reamed to templet and the templet k not properly set, aU boles irilL be equally 
oat. Riveted tnisMs dioukl be warned in the matoBr's shop nsnemh l ed, and when 
assembled match-marked. 

"(6.) Never call for edges of plates to be planed where a sheared edge will an- 
swer, or where the thicknesses are siicli thac shearing can ho neatly dono. 

"(6.) Plate girders with cover plates up to 10" in width, inclusive, should always 
l>c designed with two lines of rivets in thi^se cover plat<^s. This greatly helps in the 
shop and materially simplifies the notching of the ties. 

"(7.) In all plate girders and truss stringers the kteral ajyatem should be snffi- 
eient^ dropped so that the rivet heads of the same dear the ties. 

"(B.) Wherever poesflile in heavy woiky avoid, in the construction of the chords 
or web members, side plates or doubling up of the web plates. It will often pay 
to tise heavier web plates without side jilates, even if thry have to be drilled from the 
solid. If, however, webs have to be doubled up or side plat<'s us<»d. the stitrh rivetjj 
made nec(is.sary by this construction should be reductnl to a rciusonablc ajuount. If a 
plate is used as a cover plate in a chord, it is good practice to limit it^s thickness to l/40th 
of the distance between rivets. If the same phtte was used as a side plate in a chord, 
in most designs two or three times as many lines of rivets wouM be called lor than would 
be neees8ar>' by the above limits. 

" (9.) It is cheaper and better to me heavy chord angles in stringers than Ulster 
chord angles witli cover pl:it<>s. l-'ven if the chonl angU's, on account of the increased 
t^ckiiess, shoulfl have to be drille<l from the soUd, this will hold gcwxl. 

"(10.) Avoid all beveled cuts wherever possible, esjxtcially l)evele<I cuts for angles 
that camiot be obtained by cutting multiple pieces from a long piece; also beveled cuts 
in aU beams and channelsi as theee have to be eawed. 

''(11.) One of the biggest savings in recent years in bridge shops has been made 
by the use of multiple punches. These not only reduce the cost of the i>unrhing pro|)er, 
but also save the cost of making templets and the laying out of the tnateriaL> They 
further give far superior work: ns f^ie efTeet of the st retell of the materi.il during pnneh- 
ing on ihe accuracy of the work is eliniinat«'<i, if these multiple |)unchci> arc pnjperly 
constructed. Their u.s«', therefore, should be encouraged in every way. In order to 
do this, it is necessary to: 

** (a.) Keep all rivets in line longitudinaQy. 

*'Q>.) Keep as msny rivets in hne transvefsdy as possible and do not use any 

more combinations of rivets transversely than necessar>'. 

**ic) Never have the longitudinal lintos of rivets leas than 2}i" nor the 

transverse lines l^-v-s than 1 } j". 

"(12.) 1)') not i riinp stifTeners if it can be heliuHl, especially do not crimp stitTeners 
of short leiigtlis, ,-<ty up to about three fe<«t. If stiffenei-s are crimpe<l ^4" or niore, 
the crimp is unsightly; and better and more sightly work will be obtained by using 
a thin fiUer with a onaUer crimp. Do not call for fiHers or spUce plates to have a 
ti^t fit, as this is impraeUcable in the Aap. The stiffenerB, of course, should have a 
close bearing. Do not attemi>t to use stiiTenen On foiled beams, as it is praetieal|y 
impossilde to give them a t iglit fit agaitMit the flanges. 

"(13.) Do not call for |>l.Mnin!r of the ba.«e, cap, sole^ OT masomy platW, aS the 
mills can roll the same closer ihati they ran he plane<l. 

"(14.) Abolish the old rule of GO degs. for single lacing, as thi.s makes the lacing 
entirely too close for narrow members and is quite expensive and unsightly. In built 
me mb ers of a bos section, formed fay either n^led or builNip fhsfmsis, wherever pos- 
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ribfo torn the flanges out. This applies partioultriy to deek ^mim, where notliiiig 

I^Milever is gaincnl by turning the flanges in. 

"n*) ) Avoid all luind riveting wherever possible, also all odd riveting that has 
to be done either before the work is asaembied or after a piece is finished otherwise. 

"(1.) On diort pkte-girder qpaae omit the bottom ktetal fl|y^ 

" 9.) On ptote Birders of medium length, vwr the aie of the lateral anglai ae Uttfe 

ae possible, taking care of the variation of the section by v{ir>'ing the thickneee. 

"(3.) Do not use lug anpU-s on the laterals if it can bo uvoiiied. 

"(4.) In most c.usos it will .simplify the shopwork not to run the lateral angles 
in on the chord angles ot the girder. 

" (5.) Avoid the use of the side pktoi wherever poauble. If they have to be 
and, ananse them as per drateh (1) or (2) but new as per akotoh (3). (3eo Vig- Ho.) 




Fig. 17a. TypeB of Built Fhinisee for Plate-girder Spans. 

**(B.) For viaducts keep the girder spans over the towors and between the towers 
of the aame depth, ae a ehallow girder over the tower greatly complieatee the ereetion. 

*'(7.) In horiog out viadueta, keep ae many towen alfte ae poeeible by vaiying 
your foundatibtta in height ae f ar ae practicable. 

" (8.) In square girden uee an ev«n nnmber of panda for the bracing; in akew 

girders an odd number. 

"(9.) Thf gn\'itost amount of duplif.ition in skew spans will be obtaino<i if the 
floor IB laiii out m that the entire span can hv, revolver! around a rcnfnil point. 

''(10.) In riveted truss spans the simplest construction will be ubtaincil if the 
end pin ie Icept below the bottom chord. 

"(11.) If end iloor-beama an desired, a simpler and better construction ia ob- 
tained by supporting the end floor-beams directty on ahoes and roUen and not riveting 
them into the truss, unless the same has vertical end poets. 

"(12.) In pin connected work, do nn\ \ :iry the size of pins more than necessarj'. 

"(1.3.) Where stringers frame into the floor-beams, if possible arrange it so that 
the stringer eonnortion does not run over the flange angle.*? of the floor-beams. 

"(14.) In riveted tension members use tie-plates in place of lacing. 

" (15.) In deck truana and double^radt viaducts, support the stringers and longi- 
tudinal girders on top of the floor-beama and don't frame them in. This avoids all 
oonqdicatioxi as to expansion in viaducts. 

"(16.) Do not call for a bearing of the web plates of girders on the sole plate. 

" (17.) In deep girders do not make the web thicknc^ss less than I/I6O of the depth 
of the girder, as othen^'iso the wc})s an* li.il)i(* to buckle 

"(18.) Whore wrbs are spliced, iillow ample clearance and keep the depth of the 
web 3'2" less than the distance out to out of flange angles. 

" (19.) Unless milled jointa are called for hi the ehoids or web members of trusses^ 
allow clearance where the webs are spliced to the gussets or to themselves. 

** (20.1 Round corners m pUte girders are expendve. Cambering of plate girden, 
espedaUy abort girders, is useless and quite expendve. 

"(D.) Field Work. 

" (I.) Allow ample cluurunce for all entering connections. 
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"(2.) Ftovide ercotioo dtehrw lor girdan and hmam, ptftkaluly wlnn thqr 

frame opposite earh other. 

"(3.) Have all ri voting arranged in such a way that it can follow the erection of 
• the work. Riveting should never be allowed to interfere with the raising and placing 
d the steel. 

" (4.) Be mm thai mm frames In deck bridges can be swung in plaee without 
^pfaadmg tho godfiro* 

"(5.) Be oanAil in tfaniiigli plale gMm to arran^B ywt a tUta M iB ao that the 

floor^teams and atringen can be put in plaee with the girdflta in their final position. 

"(R ) Arrange your riveting around the ends of the spans so that the rivets can 
be driven with the steel in the final poeition. It diould never be neooooaiy to jack 
up fi(}an8 t<) drive riveta. 

"(7.) In trough floorwork, especially where the under clearance is small, arrange 
yam darign ao that aU field rivets can be driven from the top, aa in Fig. 176. 



"(8.) Whife it haa been customary to caU for 25 par ent exoeae for an field riveta 
10 per eent etoeae dbould be auffident if the inreia an driven with ear hanunen. 

*'(E.) Cfenmd. 

**{!.) In preparing the atrew dbeeta, plna dioald be naed for tenakn and nunus 

for conipros.sion, as in figuring deflections the plus stress will then be applied to tiie 
member the length of which will be increaml by the elastic deformation. 

"(2.) ConatAUt unit stresses should be used for tension, compression, shear, bear- 
ing, etc., and the 8tn\ssos vuriod by adding impact. This greatly simjilifio?^ the de- 
tailing and makes it more rational, aa it results in taking care of a certain numljer of 
equare inches in teoaion always by the same number of square inches in shear and in 
bearing, etc.'' 



"Attention is called to viunous details which will enable the shop to liandle ma- 
terial to better advfintajre. ro<)uce hvbor and fabrication, and generally expedite the 
work. All of these items are vcrj' important in lowering the fabrication costs and 
in giving quicker deliveries. Some of these details, bticauBc of their simplicity, also 
permit of better shopwoik. For instance, when power-driven rivets can be uaed instead 
of hand-driven rivetai the finidied member is mora efficient; and memben that eonaiat 
of a amaD number of pieoee an better than thoae oontaining a greater nmnber. 

"It ia very important in substitutions of material as given herewith that the strength, 
economy, and efficiency of Uie member be not impaired by such substituticma. Other 
elements enter into this discussion, such as greater facilities of erection, cheaper main- 
tenance, aeeessihilit y for repairs, etc. The various iiot<i8 given are sub<iivid<Hl under 
different heiwiings for ca.sy reference. All jxjints which apply to different ehusscs of 
structures are placed under General and others arc divided under the headings of 
Structural Bridgewnrli, Bridge Maflhineiy»and Yiadncta. l^rpeaof vrack not eovered 
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by thaw danifleatioaB are vmuSfy of mich special detail and derign that it wiD not 
be neeeamy to note tbaa ompt In a gHMral wagr. 

"Inatead of uaing oloae lacing on oompreaakm membera, H ia oltai adviaabfe to 
cnplogr a aolid wab. TUa will aomatiniea permit the nee of a lighter waii^t of main 
aoglea by eoantmg the wab aa part of the aeetion, and boiidBa it will ffoatl y faciiKtate 

the painting. 

"For tension members use tie-plat«? instead of lacing bars. The exception to this 
ia for members which rinjuire the lacing to prevent sapping, and the end bottom chords 
of tni.ssf>s. The tit -[)lates havt- tije advantage of getting better ahop riveta; aOf wbeo 
the latter pa88 through lacing bars, they are difficult to drive. 

"When designing lateral angles of small aectioii, omit the lug angles at ooonee- 
tions. For the lightar aoglea it ia not important to derelop both lega in tanaon at 
the i*ft"F^f" fiiiiMi- OancnQjry tiie enda of laterala, dlagooaby ete.» An«M he designed 
square, so that the mill kogthe can be used without additional shearing and trimming. 
Channel diagonals of truj« spans when turned out and exposed to view should, how- 
ever, he cut on a beveL When turned in and not exposed, the ends should be squarei 
if possible. 

*' For box-shaped columns, diagonals, chords, etc., turn the angles or channels out, 
wh^ pmnissible, to facilitate driving of rivets. In this ocumection it may be stated 
that the liveta eaa then be driven by power inetead of fay hand, wliieh would not be 
the case if the angles or <iiaimeia were turned in. 

"For lacing, the lacing ban ahoold be hpped generalbr* aa thia detail wHl aave 

about half of the rivets. A common error is to design heavy compression members 
with the lacing bars having only one rivet at the ends. A l)etter design would be to 
tine \vi(l»* lacing bars with two rivets at (he f»n(i, and have the lacing in the heavier 
members reinforced with diaphragms placed a proper distance) apart. 

"Very often it is not necessary to mill the ends of I-b^uns, and all requirements 
are fuffiDed by eettbg the I-beams back firom the face of the oosmeetion angles. The 
doBgner should lemember^that the bridge shope an prepand to rivet on eomieotion 
ani^ and get them square with a variation in the length of the beam not greater 
than 1 / 32" where milling is waived. The object of milling is to secure the right length 
and sqtiare ends, but this object can be obtainetl withtmf flic use of milling. Ck)nnection 
atigles shoiiM never be fitte<i Ix'twocn the flanges of the l-bcams, ns the beams of the 
same section vary in size, and aa it causes extra work to grind the connection angles 
to fit. Sometimes angles are fitted betweoi flanges of I4)eams to cany concentrated 
koda. Una detail, beeaoae of its mieertain^ m action, ahoold be avoided, where the 
dnagn will permit, by using heavy beams or more beams to distribute the loads. 

"Fltt*^ stiffeners, where not required for carrying a bearing, diotdd be avoided. 
The stiffeners fitted at OHO end an partioularly difficult to fit iq> ao aa to aeoore good 

leaults in the shop. 

"Never l)end plates on the width. When it is necessarv' to use plates which arr 
Circular in elevation cut the pieces out of plates of large enough dimensions so that 
the bending is not necessary. It is clear in this case that the bending of plates on 
the width ia very difficult to attain beeaoae of the stretditng on the tension aide and 
tike biiekling on the eompieaBion side. 

"Hie ailOOld always remember to allow plenty of clearance at the enda of * 

sheared members so as to take up variations of shopwork. One-half inch clearance 
is considered a minimum for sliearetl ends. For entering connections, plenty of clear- 
tiurc ?<hf»uld he alln\vo<l, jis a great many of the difhculties in erection an? due to lack 
of clwirancc; besides, giving reasonable clearance will permit of more rapid shopwork 
and the avoldsnce of many errors in the field due to inaoeuracieB thereof. 
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"Good results arc obtained by straightening base, sole, and cap-plate^i — instead U 
planing them— up to IH" thiek. Besyood this thickneai the pl«tai dHnUd be planed. 
"Avoid erimpiDg long flanse an^m, ae it is rery difficult to haodie a pieoe of gieet 

length in the crimping press. ' 

"On flooriilateB, flke«r4)ack angles, stiffening channels, ete., spaee the rivets 8 to 
12". Oti some classes of work the spacing of rivets may be even greater, all dopond- 
inp; tjpfiii t he conditions under which the material is used. Eliminate excessive numbers 
of rivets. Study (>ach line of rivetfl and reduce the number of those which are not 
required to truiuiimt stre.ss. 

"For a great many purposes an angle niling will be satisfactoiy. In sueh eaaes 
avoid the use of the more e jtp e uaive gis-pqie railing. 

"When designmg the stae of stiffener angles to tnmmit faeaiing, aa at the end of a 
plate-ginier, the out.8tanding leg only should be counted for bearing^ beeause of the 
variations in the fillet.s and the uncertainty of getting a tight fit. 

"For ten.sion bracing, in dcsitrtiintj, ]i\v(' fireference to angle bracing in.'itead of 
rod bracing. It is jxossible thereby to use .•^ini{)li'r connections, and the structure is 
also more rigid. Care, however, should be taken that the vertical leg is large enough 
so that the sagging due to its own weight m not excessive. In detailing the bracing 
a draw is allowed in the lengths of the pieces so that the an^es may be pulled up taut. 

"While this article does not discuss the subjeet of expansion, it is often advisable 
to provide, in addition to the usual allowance for expansion, a small amount for erect- 
ing the metal, due to what is calle<l the 'growth of steel.* For viaducts such ad- 
justment should be provide<l about every 400 feet; and similarly for mill-building 
work it is necessary to consider eiTe<'ts of adjustment, even if it is decided not to take 
care of expansion, while in other structures the joints for expam»ion will also serve 
the purpose of adjustment. 

"Designs shmdd be made to affoxd the bridge shops eveiy facility possible for using 
their machinery to advantage. For instanoei details should be ananged lor multiple 
punch spaeing, and to suit the requtrements for bending, manhinhig, and the varioua 
other (qieratioos which are governed by the shop equipment. 

"The expansion points for stringers, or elevated railro-id-girders where pockets are 
used, sometimes have not eiiough spa< c behind the end sliffeners of the expansion 
girders to allow for the insertion of rivets through the end connections of the fixed 
girders. It should be remembered that the expansion and the fixed-end stringers arc 
erected before the rivets in the connection of the fixed stringers are driven. 

"When colnmna are set to atone bolts, which have been imbedded in masonry, 
the holes should be H" or I" larger than the diameter of the bolt so aa to provide 
adjustment to take care of the inaccuracies in setting the bolts in the concrete. 

"In the design of structural work for all puriwiws, more consider;itif>n should be 
given by the designer to the .st^ctions which are used. iSpecial material shoiild b«^ 
avoided, if postdble, sections varying by ^ inch should be so combined as to use one 
section as far as possible, and special sections of small quantities should be eliminated 
entirely. Very often the delivery on the oootraet is delayed because the shop haa 
to wait for a small quantity of a special section which is not rolled on time. Coetk- 
plianoe with the above will insure better dehverie« from the mill and quicker £abri- 
cation in the shop; and all parties OOOeemed will be benefited thereby. 

"When orderincr yilates, the designer should adh're <;tr\ndard dimensions as 
far as possible. This can always be done in the cjise ol lateral- and trusset-platcs, but a 
sperinl wiiUh may t>e neces&irv at times for the webs of stringer or girders. Standard 
Widths for plates are 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 24, 30, 30, and 48 inches. 

"Plates with beveled cuts should be destgned with the idea of cutting in the ahop 
in the most economical manner with the least number of cuts and the least waste. 

"In determining what girder sptms should be eambered, we would leooauneiid 
thai oamber be omitted on all p lat e girders under 75 ft* in kogth. 
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"For the camber of trussps up to 200 fi. incroaw the top chord in length per 
10 ft. For tni?;s<\s over 200 ft. we would ncoinnifnifl fijzuring the actual deformations 
for each member and correcting the Icugtlis of the ineinbiTs iti accordance with .same. 

**To secure a substantial an«l practical pipe iiandrailmg, the pipes for the pos\s 
abould be threaded for fittings, and the nib should be fastened to the fittings with 
pins. The rails are ordered in random kngths and are held together between the 
posts with couplings. 

"StAndazds for the gauges of angles will not be at^laptahle for all ch.m-h. To enabto 
the i?hop to use a gauge^ting machine, gauges of ly^", l»g", IJ^", 2", 2^",2H"t 
3", Siy, and 4^4-' should be u.'mhI wh«Tfv<T powible. 

'■ IiifornKition .«!hf>uld be furiii^hc^l to the fabrirating shop, si>e<Mfving the enr! of 
the struclun" which is to be erectt^J first, it being very desiriible to fabricate thf work 
in the order of erection and also to note the direction of long plate-girders, ho au to 
save turning them during shipment, at the shop, or in the field. 

"For members with material from to 1" thick, or where the grips of rivets ex- 
ceed 4", use 1" instead of rivet.s. \s the 1" rivets are about 80 per cent better 
than tlifi livets, their number should be decreased in about the same proportion. 

"STRrCTURAL BWDQEWORK. 

"(>n rhorfl or coluriiii .sections extending over two j)aneLs with the same depth of 
section, but with smaller area require*!, the increased weight of the shop sphces will 
offset the inc r e as e m weight due to making both sections the same, the big advantase in 
the latter, of course, beuig that the material is continuous without the splice. 

"Frequently, on stringers and li|^t girders, the webs are designed very light, which 
necessitates the use of many stifTeners to prevent the biH;kIing of the webs. It is 
often a big advantjige to thicken the web and omit the stifFcnrrs. The weight in either 
case ii^ abotit thr> same, as the omission of the stiffeners will offset the increased weight • 
of the thirkcr web. 

"For chord sections, the employment of remloKing plater? between angles should 
be avoided by using additional wcb-plates the full depth of the chord. This design 
has the advantage of connecting more of the main material to the flange angles direct, 
and avoids the use of a great many rivets which are necessary to connect the reinforc- 
ing plates to webs. When twtj webs are rivet^'*! to>j;ether the rivets should be about 
12*' from centre to centre, the edges of the webs» of course, being held together by 
the rivet.s through the flange angles. 

"H<'nt top flange angles <>f tlmtuuli ^rinlcrs should hv spliced near the ends of the 
girder in order to permit of iH-ttcr hundliug in the .shop. W hen tins is not don(\ it 
often means that the long auglcu liave to be swung across the s^hop, thereby interlVnng 
with other operations. 

"Sometimes round-end girders are used when square-<end ones wcndd be satisfactoty. 
The advantage of square ends, of course, is apparent. The round ends increase the 
sbopwork very materially. The radiu.s of round ends should not be less than 2' H", 
as the sbopwork for round ends of small radii is not a.« sat i>r;ictory as that for those of 
1 tree mdii. For round'<'nd ginlers with side plates, the latter should b<' cut where 
tlif lK»ttoni c.|(j:e meets the rur\'ature of the flange ai)cl<'. The spa( e uiuier the flange 
angltis Ixyotnl the side plali-s and above the web reinfon ing plates is to l)e hlle<l with 
fillers. This detail avoids the bending of the side plates or the use of plates with re- 
entrant euts. 

"On skew spans th^ design should be studied with the object of squaring the ends 
of stringers, end frames, etc. When the skew is sUght, it is often a very simple matter 

to square the end of the cross frame instead of using a skew frame. 

"^^'hen trough sections or I-beams rest on the toj^s of column^, the milling of the 
said tops is not necessary, as the end shears from the troughs are carried by the cross- 
girders. 
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"For skew croHHings, subways, etc., the amount of skow varies often by Hmall 
amountH. The dcHifcnor can simplify the work very materially by using the same 
amount of skew so that all cross-girders, trough sections, and I-beams may be made 
Mentkal for tbe vtxkm croBBiiigB. 

"Instead of utiiig builMip bolBtera wliioh are uneertain in theff workmaiudiip be- 
eauae of the fitted stiffenera, uae oaet iron for light work and cast st^ 
For complicated pin-bearing shoes, vary good results can be obtained by using cast 
steel instead of building tip with a large number of platcB and stifTeners, All rail beds, 
where pc^rmissible, should be of ea^t steel. I'hc top of the ^^wfting should be grooved 
to distribute the loads to the web of the coating. 

"When designing the sections for top chords and end posts, the centre of gravity 
IS above the middle of the member. The details, however, are simpler if the centres^ 
of pin-holes and woiking lines are designed to be in the middle of the member. It is 
not nocoBBOiy to change the working line to the centre of gravity as the weight of the 
member will, to some extent, offset the eiFect of the unsymmetric^d section. 

"A common mistake in design is to proportion the members with too .«imall a width, 
causing considerable trouble in parking the pin^^ and in making room for the verticals, 
pin plates, etc. Another hiu\ feature of narrow ehonis i.s tliat pra( tically all rivetjs around 
the connections must be countersunk because of close space, anti the ends of the posts 
must be cut away for clearance, thereby weakening the said ends. By adopting chorda 
of larger widths much better details can be used around the pins at panetpoints. 

"The siaes of pms should be determined with the idea of using as few different 
diameters as possible; generally two or three siaes are sufficMut for one span. It is 
not altogether a waste of material to use larger pins than necessaiy, as the bearing 
plates can be reduced in thickness. 

"Eye-bars, a<ljustal)le niemlwrs, turnbuekles, screw threads, segmental rollers, clev- 
• ices, upsets, etc., should be de>i^iicii ar<'f)rfiii)^ to the standards of thr bridge manufac- 
turers, for quic ker deliveries and better fabrication are obtaineti by the use of standards. 

"On croeis-girders for subway crossings, the top and the bottom flanges of the girder 
are notched to clear the flanges of the columns to which they connect. The tendency 
is to fit the Aoteh with too little clearance, and smnetimes the cross-girders will not 
dear the rivet heads whidi project inside of the flanges of the columns. 

"The cap plates on top of the columns should be left so as to be field-riveted, in 
order that the cross-girders may be dropyie^l info plnre witliout sprf-.-idinn the eolumn. 

"When two or more tru^ss s|)ans are Kientiral, or when they are similar and have 
the same field connections, the field holes should l)e reanie<l to an iron templet in place 
of reaming them wliile the members are assembled. This will facihtate the delivery 
of the work, sod wiU make identical members throughout the structure mterchange- 
able. The advantages in the field are evident, less time being qient in sorting and 
finding materiaL 

" \Mien the six'cifications call for material drilled from the solid on account of the 
use of alloy, high carbon, or very thick ordinarj' steel, the members should be dcdigned 
with a.s few pieces lus possible. Instead of using or ^4" pjat«'s, which generally 
are of the riirlit thickness for p\mchc»d work, the material should be ordered as thick 
as permuksibie within the mill requirements. 

"Notes on Biudge EiiEcnNo. 

" In the dengning of details extreme care should be exercised in arranging all joints 
and connections, so that the work cannot only be built at t he shop (or the least cost 

in labor anfl material, but also that it may lx» ereete<l most economically and 
with a minunum of risk. In the am^ of brid«rework, all connections should be so 
detaile<l that spans can be connected and made self-tiustaining and safe in the shwteBt 
possible time. 
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"UnlesB lor apedal tcmqub, it is unudly cuaiooiaiy to begm the enetkm of pin- 
eonueeted upvm at the eentrc panel, as thk panel haa adjustable membem and the 
tnmm can be squared up there before proceeiling. The details should, therefore, be 

» arranged that the centre panel can be completed and made self-stistnining before the 
tniveler is movetl to the next panel. It is the usual cu.Htom for the erwtion to pro- 
f fc<l from the centre panel toward the fixed end, and after I Ins half of the spun i.s erected, 
to procef^ toward the roller end. Top chord sectioiui in any particular panel are put 
in place after the posts and ban are erected; and it is especially desirable in heavy 
voik that the details be so ananged that these dbofd seetiooa can be lifted abore the 
posts and set directly in phee without being moved on end or adewaara. Therefore, 
plates oonneeting two adjoining chord seetiooa in heavy work should atwaja be shipped 
looBe. 

"Wlierever possible, in all trufB spans the floor connections should be so arranged 
that the ficM)r system can l>e put in place either before or after the trufwes have been 
erertinl in tlieir final position. It is usually customary, where local conditions will 
penuit, to put the floor system in place first and erect the trusses afterward. This 
methodof procedure has a great many advantagesover that of raising the trussesfinty vis.: 
tlwre Is a lai^e saving in fabeworfc, aa kmger panels can be uaed, putting bents directly 
oader the panel-points and uamg the new floor system for cann ing trafllic and for run- 
ning out material for the trusses; it permits the poets to be bolted to the floor- 
boamf and reIe;vs<Hl from the tarkles on the travelers; it fixes the exact position of the 
shfx"?; orj the pi«^rs s<^ that we can i)riK-ee<l with the enaction from the centre either toward 
ihf fix*'<l or the roller end, w& we may jirefer; it hjus the atlvantage of giving more op- 
portuiuty for jacking up the spans in order to secure proper camber; and it requires 
a minimnm amount of blocldng. There are other features iriiich render it desirable, 
vhere possible, to erect the floor system in advance of the trusses. Over dangeroua 
streams, however, where there is a possibility of loos during the ereetion, It is some- 
times desirable to erect the trusses first, so as to have as little maferial on the fabfr* 
work as practicable and thus minimise the amount endangered. Inhere are also some- 
tiinca certain local conditions which make it imperative that tlie tni.''ses \te erected 
first; and, therefore, it is im|)qrtant, wherever pos^sible, that detail.^ Ix* so arranged 
that either method can be Uised. In the erection of through, rivete<j, lattice spans, it 
customary to place the floor system first, then to put the lower chords in poeition, 
set up the web memben, and put the top chords on last. Therefore, it is more ad- 
vantageous to have the gusset^plates connecting the web memben with top chord 
riveted to the top chcvd sections rather than to posts or diagonals, aa the riveta in 
KU8seii>lates connecting top chords with web mranbers are more easily driven in the web 
saembers than in tlie top chord sections. 

"In the c;ise of through i)hite-gir<h'rs. the details of the floor system should be 
m arrange*! that the .slriiiKcrs and flo<jr-lM'ams can be put in place, panel by panel, 
without the necessity of spreading the mam ginlers. Particularly in this the case in 
'Rolling Lift Bridges,' which, in the majority of cases, have to be erected in an up- 
right position, and where it is extreinely dangerous and practically an impossible opera- 
tiim to spread the trusses m order to put in place the floor eystem. 

"Top chorrl sections with half pin-ho'es, having a hinge-plate on each section are 
undeqvBble. When half pin-holes are if possible put a hinge-phite on one sec- 

tion only and make it lonn enough to rivet or bolt to the adjoining section whrn in 
phfio. 1 1 ingi "-plates should be arranged so as to give two full pin-holes in < «'ntre chord 
sections, and should be put on the ends farthest from the centre on the other sections, 
except in spei-ial cases when it is necessary to conunence raiding spanA from the end 
isslesd of the centre. 

"Entering connections are usually the most difficult and expensive to make; and 
where at aH poMble^ entering connections of any character should be avoided, but 
vhoe thej must be used, parUeular attention should be given to insure necessary 
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clearanoes. An flntaring oomkeekkm k not deify an caqpenstve and dangerous operatioD, 
but in a fjeat many cases it cannot be acoon4)UilMMl on aooount of the interfennoe 

with back \v:i\h, adjoining spans, ftn. 

"It i« of the grcat(wt iniportancr to allow ample clearance whore memlx'xs are 
packed inside of chords, poi!»t8, etc., itH lack of proper clearance causes much trouble 
and expeiu^e, not only augmenting the cost of ereetfam by increaaing the time required 
for maldng the span aafe, but adding materially to the riak. In putting in tie4Mni 
anddiagooaliiitiseustomaiy to oonneet them on the bottom chord pina first, and then 
Rwing them into the chords and poats around the lower pins as a centre. All rivet 
heads coming in the path of bars swung in this way should be cleare<l. Too much 
attention cannot be given to this matter of |)roi>er clearance. Particularly is thus the 
case in through and deck rivcf''<l In'tK i spans, which are being erectini now more than 
ever In'fon' with the use of a ii<Tnck car with one boom; and the applianct« for pull- 
ing tight-^tting membm into place are not always present, as was the case formerly 
when tbeee apana were erected by a gantry traveler. For adjustable rods packed dose 
together, the sleeve nuts dioukl be staggered. Attention should be given to the field 
connections so that enou|^ spaoe is allowed around all field rivets to enable them to 
be driven. 

' .Ml late ral brnciuir, hitrh pVitos, rivet heads in laterals, etc.. should V>e kept enough 
below the !<'\( I of thi> io|» ( hord-s of girders, strintjcrs, etc.. so that. tlu« ties when in 
place will not foul theui, it being an expeusive operation to notch tivn to clear i>uch 
obstructions. 

''Where laterals and bitch platea do not Interfere with the loadhig of gtrdere, and 
are not of such character aa will allow them to be easily broken off, they should be 
riveted to the said girders; otherwise, thty should be shipped loose or riveted to the 

braces. 

"Particidar attention should be piven to tlie question of fieltl riveting. Details 
should be closely e.xaminetl with a view of niininii/.inu the number oi held rivets. 

"It is not a<lvisable to put two shoes on one bctl-plate; but if thi.s cannot be avoided, 
the bed-pUite should be made longer and the anchor holes should be 8lott<3d to allow fur 
varialionB in maeonry. 

"In the above suggestions of the points to be observed in order to Iscilitate the 
work of erection, the subject h:is Vkh'u confiiuHl mo.stIy to bridgework ; the general prin- 
dplesyhoweveryiqiply also to buildtng work, part icularly in the case of clearances, thou^ 
entering connections, of ooursp, cannot be avoided ao much in building W(»k aa in 
bridgework. 

"The following are the mo.st important points to be oUserveil in detailing, in onier to 
faciUtatc ami cheapen erection; 

"(a) Avoid aa far as possible entering connectiona. 
"(6) See that proper clearanora are given. 
"(e) Minimise the number of field rivets. 

'■ liUllX.^: M.\( MINKUV. 

"When designing machiner>' it in qw'iu^ romriion to model it after that in a former 
structure. VVlien this i.s jMis-sible, design the machinery so as to iiav as many of the 
old patterns as c^ be utilized, thereby eiTe<'tiug an economy. It might be added 
that a repetitioa of patterns wiU also be of considerable he^ to the bridge shop. It is 
sometimes the case that variations are made without any advantage. 

"The <Iuties of each (vusting shouU be considered. For unimportant onea east 
iron should be specified, and cast steel for those which are in bending or which cany 
large stresses. For i crre-it many inm bases it is not neces.sary to plane llie bott^jms 
if nesting on mjisonry. Steel c:w<tliigs, however, shouhl be rough linished if re^tijig ^ 
on nuLsonry. All c:i6iiugs which ru»t on other cu8tings or on structural £teel tihuuld, 
however, be lloijihed. i 
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"In dMigning structural work for inDvablo bridges, sufficient clearanco should be 
allowed between (he ciovahle and the fixed poriaooe of the bridge. H poaible, two 
ioches -^honld be provi<lod for such cloaranrp. 

"Itiipoi t;int holes in strnrUu"al work, coiiiu'ct inj: machinery should be reamed in 
the shop witli the uuuhinery assemble*!. Shims should he provided for vertical nd- 
jiutment wherever required. If, in the judgment of the designer, it ib extremely dii- 
ficdlt to aawmble the sectoral work in the shop, and if weh imniiinliliiift would not 
tmme parfeet adjUitoMat of the nmfthinery, tt ie often advisable to note on the draw- 
1001 that certam holes in the structural work connecting maofaiiMry are to be drilled 
in the field. Very often driUing in the field is much chewier than aoocmbliug in the 
diop, and gives better results. 

"For babbitt bearintrs, notches should hr provided in the c;u<t inp to hoM the bab- 
bitt in place. The^se notches .-hould be plan 1 ( lus* to the point where the be.-iriiiK ii' 
spUt so as to prevent the babbitt from spruiging up at the ends. For piio^phor bronze 
bushings, the bushinffi shoiild be held in place with short dowel pins. If the dowel 
pin penetrates through the bearing, it should be of faffasB. The castinss far split bronae 
bushingB should be (mlered from the foundiy as a full circle; for the clearance at the 
eentre liiu> will ix rmit the machine shop to cut the bushing in half after finiifhing, 

"For the racks of riin-bearinsr draw spans, finish tlie top surface so as to enable 
the machine shop to rotate the drum on the top of the rack while machining the top 
and bitttom treaii |)l.i!»'s. 

' L'be cold rolled bhaliiuK lor 3" and under, as it gives very good results for light 
work. Shafting over 3" in diameter should be forged and turned. When forged 
fMtawg is used, the portion required for bearingB and gears undy should be finished, 
the remainder being left rough as forged. 

"As there is a great variety of specifications for special m it* l ialfSUcthaaphoqsJlor 
hmOB, babbitt, cast steel, etc., the designer should emlxxly tlu'se compositions for 
the various materials in his s|)ecitications or on his ^rii« !;il drawings. Due consider- 
ation should be given to the conditions under which the >|H'cial material is used. For 
instance, for a low-speed bearing, a babbitt should not be specihed which is ordinarily 
used for high-^)eed bearings. 

"On castFsted bearings the bosses under the heads or nuts of boHs should be finished. 
Thia finishing, however, is not required when cast iron is used. For unimportant cast> 
in^i the designer should specify cast iron. Frec|uently cast iron is just as sati^actory 
for some details as cast steel would be. C:ust steel .should be designed somewhat dif- 
ferently from Cfvst iron iis reganis clearanct's and rules for shrinkn'm It .should hi' 
remeiiilxTed that due fo unequal llii'-knesses the ca.st st*^'! will be warjH'W fonsitlerably ; 
and this should l>e considere<l in allowing for clearances and for over-run and imdi r-run. 

"Sometimes a bearing composed of one-half babbitt and one-half bronze is 8{)ecified. 
The portion which carries the kiad, of course, is the bronse part. This is unsat^actory 
to obtain good results in the shop. It k better to specify an entire bearing of bronse. 

"Considerable confusion h:is been cau.se<l in the past hy having gear teeth figured 
to both circular and diametrical pitch. ^^ ' .voidd recommend that diametricsd pitch 
be used in all cases by all designers, as the standard gear cutters on the market are 
basfnl thereon. 

"Segmental rollers for expansion ends should, preferably, be made of forgings, 
with sides forged smooth and parallel. We would recommend a standard size of these 
rollers to be 6" finished diameter and 4" wide. The teeth for holding these roUers in 
plaoe should be of a standard siie 2" wide and 1" thick. Use standard tap bolts for 
bf4dW*g the keys and bars in place. 

"Tumetl bolts should be empk^ed for eases where the bolt is in shear or where 
it carries vibration, a.*; if! the case of be;inn<r b()\es. The turned bolts should be 1/32" 
Krftalh-r than the size {>{ the reamed «)r (lrUle<l hole, which should be given in sixtf'cnths, 
and the aise of the thread and nut should be 1/32 smaller tliuu the diameter of the bolt, 
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wlddl from the aiaes given horowith will always make the MMB of thread and nut in 

even eighths or quart4»rs. To illustrate this, if the designer specifieH a bolt, the 
size of the roamed or drilled hole will be the diiuoeter of the bolt will be and 
the size of thn>ad and nut will bo 7s <l):ini<'t<T. 

Steel castings which carry bending stress should be annealed. It is not neo«»* 
saiy to anneal steel castingiB uaed for shaft bearingB or those which carry direct com- 
pnMononly. 

"An important feature in mmnhiiwi dempiing is a derign with the parts aitaaged 

for accessibility in making repairs. The designer should bear in mind that if any one 
piece breaks, the broken casting sboukl be leplaoed without dismemhsriag tlie entire 
maohinflcy. 

"VlAMTCn. 

"When the track is on a gra<lf nnd the grade is not very steep, make the two bents 
of one tower ahke by adding hllcr plates on the tops of the up-grade columns. For 
steep grades make the two bents of one tower the same length, but square the longi- 
tudhial bracing. A good dataller will then make the pundiing the same on all four 
eninmns of the tower, but the gussst plates which eonneet to the longitudinal faracing 

will be different for the two bonts. 

"The tower girders should bo raatle of tho same depth as the long girders. This 
will simplify the detail by tho omission of Iho brackets sometimes used on the tops 
of the columns, and will ponnit t)f bettor shop dotiiils; as web plates, stiffeners, etc., 
can be duphcated in spaoing from one girder to another. 

"When designing culumns for the towers, tho splices should be indicated so that 
the cohmm seotions should, preferably, be under 4if long, but should not under any 
cirowMstancws eseeed BCK. 

"Where two deck girdor spans are adjaoent» the end cross frames are placed cloee 
to the ends of the girders. The cross frames can not be set by swinging in from the 
end of tho spnn. Thoy must l)e onvtwl b}' swinging in from the oontrr* of tho span. 
The stitfeuor anglos oarrying the cross girders should be built with the back of the 
angles toward the oontro of the span. 

"Instead of designing a structural base for the tower columns to rest on the ma- 
somy, a sunpler and more eflScient dengn is to tnmsmit the bearing through a casting. 
The base of the cohmm wiU be held to the casting by one or two pairs of connection 
aai^ The b ase -plate should be omitted as being superfluous in this design." 

Those communications o£ Mr. Wolfel and Mr. Reichmann state very 
clearly and thoroughly the caae from the manufacturers' of view; 
and their suggestions should prove of great value to all deogning eng&> 
neers who specialize in structural steelwork. The author can endorse 
heartily ahnost all that both of these gentlemen state; but there are a 
few points on i^ch, as a consulting engineer, he must very respectfuUy 
take issue, although, as before indicated, he recognises that in their fine 
they stand as the acknowledged authorities and that he cannot in any 
way claun to be an expert on shopwork, knowing about modmi practice 
therein only the general features and details that have come to his atten- 
tion from his experience as a large purchaser, for his clients, of structural 
steel. 

Th(* author Ix^licvc^ firmly in .*^ul>-puncliin^ and rcaiimij; prat tually all 
rivote<l work that is not drilled from the solid metal; for experiments that 
he ha:^ made have proved to him tliat the pimchiug uot only hardens the 



Digitized by Google 



SHOPWOIiK AS AFFECTING BRIDGE DESIGN 



339 



metal aiound the hole but also starts incipient cracks therein, and that 
mming removes most of the injured metal; consequently, in all cases 
where strength is either directly indirectly of importance, he would 
adhere to the subvpimching juid reaming. For instance, laeinp bars in 
the past have not l>een considered of much importance; but nowiidays 
they are often proportioned for comi)ut('d stress, the amount thereof, how- 
ever, being determined In' wry crude methods. It is important to have 
lacing, latticing, and stay i)lates as strong proportionatt'l\' as the rest 
of the metalwork. There are a few pnvis of bridges, such as filling 
plates and stitTcning diaphragms, where strength is of very Httle 
importance; and in these it would be perfectly proper to punch the 
boles full size. 

Similarly, in the case of sheared edges, if the metal near the shear is 
to he depended upon for strength, the said edges should be planed, but, 
otherwise, the planing should be omitted. It is more than probable that 
tiie shearing of edges is just as destructive as the punching; for the bru- 
tafity of the treatment of the metal m the two cases is of the same character 
and apparently of the same severity. 

While it is undoubtedly difficult to procure a tight fit for stiffeners on 
rolled I-beams, it does not appear to the author as safe to omit them at 
the ends of railway girders that are supporttnl from beneath, or even from 
those used for carrying heavy highway loads to the niiisonry, because the 
ULsupp< >rt(d webs are not of a shape to resist satisfactorily seven* jK)unding. 

Although it is true that turning the flanges of channels in makes the 
riveting somewhat more difTicult, it need not prevent the use of power 
nveter^i, except in the case of a few rivets; while it facilitates greatlj' the 
detailing by bringing the webs of main truss memlKTs in the same plane 
for the attachment of the gusset plates. Most of the author's riveted 
bridges are built in this way. 

Again, it is important to have the batten plates inside of the gussets, 
and to carry them to near the ends of the member, both of which condi- 
tions the tumed-in channels favor. Moreover, they generally involve an 
economy of weight of metal for lacing and battens. But one of the most 
iiq>ortant advantages of tumed-in channels is that they permit the ends 
of the floor-beams to fit closely to the bottom chords without cutting 
either the chord or the beam, which is not practicable if the flanges of the 
bottom chords turn out. 

If in viaduct construction the tops of columns are cut off so as to let 
the main girders be supix)rted directly therc^on, Mr. Wolfel's insistence on 
making the girtler depth uniform from end to end of structure is justified; 
hut in the author's practice the columns are carried up to the level of 
the dec k, and both the longitudinal girders and the tower cross-girders 
abut into them; hence there is no objecting to making the eomparativply 
.short longitu<iinal girders over the towers shallower than the long inter- 
mediate longitudinal girders. This layout looks much better, and the 
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oomer brackets afford an exoelient oonnection for the diasooals ol the 
loDgitudiDal bracing. 

As explained at length in Chapter XVI, there is an objection to plao* 
ing the aid or pedestal pin of a riveted tnias span bdow the bottom chord 
which is seldom considered, vis., that the thrust of a braked train, acting 
with a lever arm equal to the vertical distance between the centre of the 
chord and the cmtre of the pin, produces a rather large bending moment 
that has to be resisted by the stiffness of the bottom chord and that of 
the inclined end post. 

The author l)elieves that invarial)ly the end floor-bedims should rivet 
to the end posts of the trusses so as to make the lower lateral system a 
complete and harmonious wliole, and it matters not if the end posta l)e 
incliufnl. Moreover, one of the great advantap;(^ of (mhI floor-beams riv- 
etwl to inclined eml posts is that this method of coimectiuu teuds greatly 
to stiltrii the ends of tlie said ]X)sts. 

The author in other chapters has expressed his objection to the use 
of single angles in tension. 

He disagrees with Mr. Reichmann about the correctness of the policy 
of locating top chord pins an^-where except on the gravity line of the 
sections. It takes a very small eccentricity to produce a high intensity 
of bending stress on the chord. Again, it is not right to assume that 
the reverse bendmg moment due to the weight of the member betweoi 
panel-points will counteract the bending moment due to the eocentricily; 
because the f onn taken under loading by the centre line of the long strut 
wiU be a waved line passing through the centre of the chord pins, bdng 
concave upward in one pand and convex upward in the adjoining one. 

On general pHneiples the author tries to bar out all east iron from 
his bridges, even from the machinery, fearing that, if it be permitted in 
one place, the contractor will insist on putting it into another. Cast iron 
is nearly always inferior to cast sttn^ for any pur|>ose. 

The author never could see the philosophy in the insertion of a c;i.sting 
between the foot of a eolumn and the niasoury. Sik ii <1( tailing is not 
conducive to rigidity, which is one ol ihc main essentials in trestl(» and 
elevateil railroad work, nor is there apparently any economy in weight or 
cost of metal involved. MonH)ver, it is almost a physical impossibility 
to place the base casting so perfectly on the masonr>' and to plane the 
adjacent surfaces of column and base so accurately as to obtain anything j 
. like uniform contact over the whole area of t he column foot. The pressure 
is sure to concentrate at points and along edges, thus producing large 
bending moment? on the column and an unequal distribution of presBure 
upon the masonry 
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CHAPTER XVIII 

GLAB8B8 OF TRAPnO AND PBOTIBION THEREFOR 

teiDGES are built to take care of different kinds of traffic, either sep- 
arate or combined. Those which provide for more than one kind have 
been termed by the profession "combined bridges"; but, unfortunately, 

the general public appears to experience considerable difficulty in distin- 
guishing between that term and " coiuhiiKition bridges," or structures in 
which the trusses, lus well as some other parts, are built of both wood and 
metal. It is with the "combined" hridsf's that this chapter deals. 

The various kinds of traffic that pas6 over bridges are as follows: 

First. Steam railway traffic. 

Second. Street railway or electric railway traiiic. 

Third. Vehicular traffic. 

Fourth. Herded animal traffic. 

Fifth. Pedestrian traffic. 

Structures that carry the first and second kinds are denominated "rail- 
way" bridges; those that are confined to the third, fourth, and fifth kinds 
are known aa "highway" bridges; and those tliat support both railway 
and hi^way traffic are called "combined" bridges. 

As herded animals are aiwasrs driven over the wagon roadway, they 
need but little consideration except when that roadway is occupied at times 
by other than vehicular traffic, in which case provision must be made 
either for their passing such other traffic on the structure or for withhold- 
ing either that traffic or the animals until the roadway is free. 

In country bridges and those built in small towns ])edestrians have to 
pass over on the wagon way; but in city bridges sidewalks or foot walks 
are pruvitied for their use. 

As a rule, bridges for carr>'ing both railway and highway traffic are 
locatM in or near larije cities, althougli ai\ occa.'^iniial structure of this 
kind is found in country districts. The principal advantage of this type 
ot bridge is the saving in first cost, and its principal disadvantage is a re- 
luctance to cross over it on the part of timid drivers, whose horses may 
be frightened by the trains. The saving in first cost of a combined rail- 
way and highway bridge, as compared >vith two separate bridges for rail- 
way and highway traffic, is conaiderabie, because the piers for the com- 
bined bridge are but little, if any, more expensive than those for the rail- 
way bridge, and because the extra metal for the superstructure of the 
former in comparison with tiiat of the latter is very much less in weight 

841 
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than the metal required for a septiratc highway bridge. The prejudice 
a^iiiust combined bridges on account of danger is almost wholly unfounded, 
for h()r.s(\s soon Itccoinc accustomed to railway trains, and, when screens 
are employed to hide the latter, but little trouble is experienced on ac- . 
count of frightened animals. These screens may be made eitlier slatted 
or solid, the former olterixig less resistance to the windi and the latter 
being tlie cheaper. 

The advent of the electric railway has somewhat oompUcated the 
question of d( signing combined bridges, for now it is -often necessaiy to 
aooommodate all kinds of traffic on the same structure. 

Combined britlges may be divided into the following classes: 

1. Structures having a single deck for all kinds of traffic, the railway 
occupying the centre of the bridge, and the electric raihroy lying dose 
to one truss. 

2. Structures havmg a smgfe-track railway at the middle, a narrow 
f ootwalk on each side of same inside of the trusses, and cantilever brackets 
outside of the latter to carr^' wagonways and electric lines. This airange- 
ment may be varied by running the dectric cars over the mahi railway 

track, thus leaving the wings free for vehicular traffic. 

3. Structures hiiving a double-track railway inside of the trusses, with 
long cantilever brackets outside carrying wagoii.s and electric lines next to 
the trusst^s and jwdestrians outside. This arrangement may be varied, 
as in Ciise 2, by carrying the electric trains on either one or both of the 
main railway tracks. 

4. Structures havinp; a double-track railway inside of the tru.s.ses, with 
short, cantilever brackets for wagon and electric-railway traffic outside, 
and either a single passageway ovi'rhead at tin* middle for ped(»strians, 
or two passageways for same on overhead brackets outside of the trusses. 
As before, this arrangement may be modified by running the electric trains 
over the main railway tracks. 

5. Double-de('k, singh^track structures canying a railway train on one 
deck and vehicles and pedestrians on the other. If electric cars also are 
cairied, they should generally use the railway track on account of the 
narrawness of the bridge; but by puttmg the railway below and urfng 
cantilever brackets above, the electric cars may share the wagonway and 
run over either one or two tracks. When the electric cars and the vdiides 
occupy jointly the upper deck, it is generally best to carry the pedestrians 
by cantilever brackets on the lower deck, as the structure might be too 
narrow to warrant caring for them above by foot walks outside of the 
joint wagon and electric car roadway, and because permitting them to 
use the .said juint roadway would be too hazardous. 

6. Double-<leck, double-track struct ures carrying railway trains on one 
deck and vehicles, electric tniins, and pedestrians on the other, or with 
the electric trains using the steam railway tracks. The vehicles and elec- 
tric trains may either occupy the same roadway, or the former may be 
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cmied' on cantilever brackets, leaving the middle pc^tion of the deck 
for the latter. In such a bridge the footwalks should be on cantilever 
bracket?, either above or below, outside of the other roadways. 

Ill duuble-deck struc tures where the steam lailroad is Ix luw, it is ikx;- 
»s.sary to use ever>' precaution for ke<'i)ing; the locoinotivo fumes away 
from the upper deck, as sniokr ri^iii^j; through the tloor frightens horses 
even more than does the train itself. Moreover, smoke is c^xceedingly 
di?agrf*eable to everybody passing over the structure. Again, the ques- 
tioQ of protecting the highway floor from being set on Ere by sparks from 
locomotives must be satisfactorily solved in this combination. 

Class No. 1 is the cheapest possible kind of combined bridge, and at 
the same time the most unsatisfactory, for wln^n a railroad train is about 
to pass over the structure all vehicular and electric-railway travel must 
be kept off, and because pedestrians must look out sharply for their safety 
when on the deck with a railway tnun crossing. Their danger is really 
greater, thoo^ when an electric train is passing a team or teams. The 
least aUowable clear width of bridge for this class of structure is twenty 
feet, the electric cars running on a third rail and on one of the rails of the 
main railway. 

Class No. 2 is a very satisfactory type of structure. The autlior hiks 
uesign«*ii and iniilt several bridges of this kind, the largest of which is the 
Combination Bridge Company's liiid^i' over tlu^ Missouri liiver at Sioux 
City, Iowa. It consists of two draw-spans of 470 feet each and two tixed 
j-pans of 500 feet each, besides the deck ai)proach spans, the distance 
between central i)lanes of trusses being twenty-five (25) feet. 

Class No. 3 is also a satisfactory type of structure. The author once 
built a large bridge of tliis type, viz., the one across the Missouri River 
at £ast Omaha, Nebraska. This class of structure involves veiy heavy 
metalwork ; but it is not uneconomical. 

Class No. 4 is an unusual type, and is not likely to be called for very 
often, although the author has had occasion to figure on bridges of this 

Class No. 5 9ve8 a satisfactory distribution of traffic, as was proved 
by the author's bridge over the Fraser River at New Westminster, British 
Columbia. In this the steam railway and the electric cars occupy a single 
track on the lower deck; and vehicles and pedestrians use in common 

a sixteen (16) foot clear roadway on the upper deck. 

J^trly in 1908 in preparing a design for a combined bridge to carry a 
railway, a street-railway, wagons, and j)e<lestrians over the Second Nar- 
rows of Burrard Inlet at Vancouver, British Columbia, the author evolve<l 
a rather novel method of dividing the traffic. The 1 n idge was to be built 
at first to carry only the railway and the stnM't-railway, l)ut provision was 
to \k' made to take care of wagon and pedestrian traffic in the future. 
The distance between central planes of trus.ses being restricted from mo- 
tives of eccmmny to the least consistent with the Dominion Government's 
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requircfnmts for clear roadway-^ this case nineteen (19) feet— it would 
have been improj)er construction to put twelve (12) foot roadwa3r8 out- 
side of the trusses and six (6) foot sidewalks outside of th(\se; for such 
an arrangement Nvoukl make each cantilevered portion of the deck wider 
than the distance between trusses, while good practice does not permit 
it to exceed two-thirds tlicreryf. As the clearance above high water was 
ample on account of th<'n> ixiii^; an overhead crossing; of the Canadian 
Pacific Railway tracks at tlie south end of the structure, it was supj^ested 
to suspend the footwalks from the cantilever brackets that carry the 
roadways. This would necessitate small roofs to protect pedeatrians 
from the roadway drippings. The arrangement described was shown fay 
cost estimates to be exceedingly economical, but it was objected to on 
account of its interfering with the running of certain amaU craft under 
the swing span. 

Glass No. 6 represents a very good arrangement which can be modi- 
fied to suit nearly ai^ conditions of combined traffic. A good eonmple 
of thb type is the author's bridge over the Missouri Biver at Kansas 
City» Mo.y owned by the Union Depot, Bridge, and Terminal Railroad 
Company, and known as the Fratt Bridge. 

In designing combined bridges of all classes except No. 1, a oonsid- 
erable economy of metal may be effected legitimately by keeping the 
total live load for trusses as low as is proper with reference to the theory 
of probabilities. For instance, in Chiss No. 2 or Chiss No. 5 the live 
load for trusses may be iletermined by adding to the equivalent uniform 
live load, given by the diagram in Fi^. Cw;, a much smaller higlnvay floor 
load per lineal f(><>( of span than tlial jncxTibed in the specilications; 
because when tlie greatest train load is on tlie l)ridge, the cliance of having 
simultaneously a heavy highway live load is ver>' small. The longer the 
span the smalh^ may the live load per square foot of floor be taken when 
finding the total live load for the trusses. Again, in Classes No. 3 and 
No. 4 it would be legitimate to take the truss live load per lineal foot for 
the railway equal to twice the car load per lineal foot, and add thereto 
a small highway live load as in the last case. Finally, in Class No. 6 in 
case of a four-track bridge with cantilevered highways and footwalks, it 
would be proper to assume the live load for the trusses equal to 
the sum of the car loads per lineal foot on the four tracks and igoote 
entirely the vdiicular and pedestrian loadings; for the greatest prob- 
able live load from all class of loading would never exceed the said 
four car loads, unless, perchance, some of the assumed electric-train 
loads were shorter tli:in the s\xm length, in whidi case a small allowance 
for a simultaneous loading from the highways and footwalks should 
be included. 

This reduction of live load, liowcver, can readily be carritxl to ex- 
tremes, as was the ciiso in the first accepted d*<i^fi of the ^reat canti- 
lever bridge over the St. Lawrence River near (Quebec, aad m is likely 



Digitized by Google 



CLASSES OF TRAFFIC AND PROTIBION THEREFOR 343 

to be tiie case whenever the preparation of the specifications for a bridge 
is left either directly or indirectly to the contractor who is to build the 
structure. Good judgment, uninfluenced in any way by considerations 

of i>ersonal gain or by motives of false economy, should rule in the estab- 
liahmeut of the live loads for the triisses of "combined" bridges. 
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TLOOBS AND FLOOB 8T8IBII8 

The floor is that part of a bridge which is support^ on the steelwork 
(or on reinforced concrete girders) and carries the live loads directly. 
In a railway span it consists of the rails, guard-rails, and the ties in o{K'n- 
deck construction; and the rails, ties, ballast, and supporting deck for 
ballast in solid-<leck construction. In a highway span it consists of the 
tinil)er flooring, or the pavement with its base, and in addition the rails 
and ties in ca.se a railway of any kind crosses the bridge. 

The floor system is chat part of the structure which supports the 
floor and transfers the loads to the trusses, main girders, or arches. It 
consists of the stringers and floor-beams in ordinary 8p&ns, and in addi- 
tion occasionally the cantilever beams, wbich are merely the exteosicMis 
of the flooHseams outside of the trusses. 

While a structure usuai^ has a floor and a floor i^ystem, it flometimes 
happens tliat it may have one without the other. In the case of a rail- 
wi^ deck-glvder span the floor is generally supported durectly on the 
girders without an intervening floor ^ysteoL This is also done in some 
of the shorter, smgle-traok railway, deck-truss spans; and in througfi- 
girder spans the ties are sometimes supported on shelf angles riveted to 
the girder-webs, in which case no floor system is employed. Where the 
rails are carried directly on cross-beams with intervening plates but 
without ties, the rails uud ruiming-plates alone constitute what might 
be termed the floor. 

As was shown in Chapter XVIII, bri(lg« s are designed for various 
classes of triiflic, eitlier singly or combined. A structure may carr\' a 
st( :nn railway, an electric railway, or highway traffic alone; or it may 
carry a combination of th(\se. Even as to highway traffic alone, one or 
more cla.s.ses thereof may utilize the structure, .\fter the division and 
distribution of the classes of traffic have b(»en decided upon for Bixf given 
bridge, the floor and the floor system should be laid out so as to cany 
these in the most economical manner practicable. 

In railway bridges two main chisscs of floors are found, vis., the open 
and the solid decks; and in each class various types of oonstructioii are 
employed Each type has special features that make it particularly suit- 
able under certain conditions, although it is practically always the case 
that various arrangements can be adopted for any given structure. When 
such is true, the partieular choice irill usually depend on the desiguing 
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engineer or on the railway company. Roth of the general classes are 
morted to in struotures with either limited or unlimited underneath 
ctearances. 

For ordinary construction where the underneath clearance is not lim- 
ited, the openndeck floor at ties supported on stringers or girders is still 
geoerally employed. This is due largely to the lower first cost of the 
ibor itself as well as that of the supporting metalwork, especially in the 
loQgor qpans. It is a question, however, whether the adoptioa of the 
open deck is along the line of truest economy; and this question wid 
have to be settled for any particular case as it arises. In spite of its 
increasccl first cost, many engineers are advocating the ballasted H(xjr 
in place of the open deck, and are going so far tin to say that the open 
construction in time will be entirely sui^'rseded. The eminent authoritj^ 
A. F. Rol>inson. Esq., C.E., Bridge Engineer of the Santa Y6 System, in 
a pjafXT oil biillii.sted l)ridge tioors, published in the Journal of the West- 
em Society of Engineers, Volmne 10, makes the following statement as 
one of Uie reasons for using the solid type of Hoor. 

"This floor can be defended OH financial grounds from the maintenance standpoint 
entirely, without trikinf? into account thf» inrrra.sod romforl to traffic, the incrcrised 
life of the structiin*, aiul ffio dccnvLscd liuhilify to (iain.iKe in cjwo of <l«>r;iilm«'nt . 

"Nearly all nn'tal l)ri<l^f'.s will (-((st for liiiinp :ui(l surfucinir of tltc tr:irk sonn'thin^ 
like 20 cents to 30 centa per ft. of truc k per iumvau. Onlmury track in ballaj^t costd 
from 6 cents to 10 eenta per ft. per annum for line and soifaoe. The difference between 
tiMee two items, varying from 14 cente to 20 oenta, wiU pay five per cent on a little 
Bore than the diffcraioe in cost per lin^ foot of tlus floor over the oidinary dedca." 

But aside from this matter of economy, there are the many other 
advantages of the ballasted floor. In the first place it provides a smooth- 
riding track, practirully as perfect as a well-maintained track on the rest 
of the line, so that the cliange in train-motion in passing from the onli- 
nar>' roadlxxl to the bridge i.s unn()ti(•eal)l(^ It reduces the vil)rati()n in 
a stnicture, lessening the effect of irn|>af't and practically doing away with 
the noise caused by the train in crossing. This rcMhiction tends to in- 
crease both th(> life of the brifl^c ami the comfort of the passengers. More- 
over, a greater s(mse of security is produced by such a structure in the 
mmds of the traveling public, the trainmen, and the railroad officials aa 
wdiL Derailments on ballasted structures have proved far less serious 
than those on bridges with open floors. Ties in ballast have practically 
no tendency to bunch or be otherwise displaced by a derailed train; and 
boidesy the baUast gives a good support to such a train in addition to 
having a greater tendency to check its speed. Moreover, much less time 
is required to put the track in runnmg order again, as it is generally only 
neeessary to readjust the ballast and track and perhaps replace a tie or 
two, or possibly a rail. 

A ballasted floor, unless supported on timber, is practically fireproof, 
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and thus it not only saves expense for insuranoe and for replaoementa 
necessitated by fires, but also prevents disastrous wrecks and their conse- 
quent litigations and adjustments. Again, the usual deterioration <rf the 
steelwork caused by brine drippings from refrigerator cars is overcome 
by the use of a ballasted floor, provided the supporting deck be water- 
tight, as it always diould be. Moreover, a struetuie with such a floor 
will be found more stable in the time of high floods. 

The alignment and surfacing of track constitute another feature favor- 
able to the ballasted floor, and especial^ is this true in structures located 
on curves. Not only is difficulty experienced in the original construction 
of an open deck on such a structure but far greater trouble is met in main- 
taininpj the alignment and surface. 

Again, where ballasted floors are employed, the poorer grack^s of tim- 
ber can be used for ties. This is particularly worth considering in view 
of the fact that the better grades are rapidly be(!oming less plentiful and 
more difficult to obtain, and, therefore, more expensive. 

The (l;iiig(T clue to fires caused by falling coals might be overcome 
very easily in th(^ ordinar}^ timber floor construction by covering the deck 
with light she(>t iron, as is done by certain railroads. This, of course, 
adds to the cost of the deck. 

While many engineers advocate the ballasted floor on all of their 
bridgework, railroad companies, as a rule, do not employ it except where 
special conditions either warrant or compel its adoption. In almost all 
track-elevation work-in cities, necessitated .by the eliminaticm of grade 
crossings, the ballasted floor is used. The requirement that the overhead 
structure shall be noiseless and shall pve proper proteetimi to the traffic 
beneath permits of inractically no other construction. Then, too, this 
type of floor is much more rigid and has a considerably longer life than 
some of the other types of shallow floors that have been tried. It may 
happen at times that it is difficult to get away from one of these other 
types of floors; but, as a rule, they can be avoided. Where subways 
are frequent, a few inch(\s of increase in the gratle might have an appre- 
ciable efi'ect on th(* kind of floor that can be used, while the increase in 
cost of cuibankmcnls will Ik; negligible as against the advantages gained 
l»y tii«' I'.illastefl floor. In certain localities >olid floors are not retiuired, 
although it may Ix' necessary to provide a shallow floor. In such cases 
a substantial opm construction can be resorted to. 

As hiis l>een stated before, where there are no limitations set for the 
floor system, the asual type of floor consists of ties separated five or six 
inches and supported on stringers in the case of through spans and in 
the deck spans in which the trusses are spaced over thirteen feet centres, 
and on girders or trusses in the case of short, single-track, deck spans. 
Where ballasted construction is adopted, as a rule no provision need be 
made for taking care of the drainage. UsuaUy in such a case a solid 
flooring of creosoted timbers is laid on the stringers, ghdem, or trusses; 
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ftod this IB covered with the ballast in wUoh the tiaok ties are laid. A 
good description of a floor of this type, whieh was UBed in the reconstruc- 
tion of the Atehison, Topeka, and Santa Ry. Bridge oyer the Missouri 
River at Sibley, Mo., is to be found in Enginemng Nem for Dec 16» 1915. 
Other types of construction can be used to advantage on account of their 
longer life, although their cost is greater. Their construction is similar 
to that employed in the various types of fiot^rs for track elevaticju in ( it- 
io, \v h(»re they are goncniUy achij)ted to through-girder or truss spans and 
where it is necessary to drain tlicin properly. As their construction has 
largely developed with the track-elevation work where shallow, solid 
decks jire necessary, their des(Ti[)tion will be taken up in connection with 
the discussion of sliallow floors. 

Where the latter are required, the through-girder span is the most 
common t^^pe of structure employed, as such shallow construction is gen- 
eral^ found only in cities and in croseinei over other roads where long 
spans are both uneconomical and unnecessary. This is not always true, 
howeiver, as certain oroseinge will not permit of other than long i^MmSi 
In which case through trusses with special floor construction have to be 
resorted to in spite of the fact that th^ are uneconomical. 

In track-elevation work and in overiiead crossmgB where thin, solid 
floors are demanded, many types have been devised. Of these might be 
mentioned the -various kinds of trough floors which were among the first 
to enter the field. These were built up of diff^erent shapes and sections, 
and each had its good and its bad points. The rectangular trough built 
o[ plates and angles found the most general favor, as it was unpatented, 
easily varied to carry any loading, and readily (;oiLstructed. However, 
the evolution of the thin floor had only l)(»gun, and these floors have 
since been largely sui)erseded by later designs. An extended discussion of 
the trough floors can l)e found in the Tratmich'ons of the American 
Society of Civil Engineers, Vol. XXVII, in a paper entitled "Thin Floors 
for Bridges," by A. F. Robinson, Esq. They are again discussed in a 
paper on "Ballasted Bridge Floors," by the same author in Vol. 10 of 
the Journal oi the Western Society of Civil Engineers, along with the other 
types of floors which have practically superseded tliem. The latter ar- 
' tide shows in detail the various styles of floors considered when planning 
the track elevation in Chicago; and these are typical of the bridge floors 
used throughout the country. A comparison is made of these as to 
weight) distance from top of rail to clearance, number of rivets (both shop 
and field) required per lineal foot of floor, and cost. 

The floors oonsidmd in this comparison oonsisted of several t^i^es of 
the trough floor and a series of floors built up of closely spaced I-beams 
placed transversely between girders or stringers and supporting various 
types of decks, some being ballasted and others not. One deck consisted 
of merely a steel plate covering the l-heanis, in addit ion to the rails, which 
were placed directly on runuing-plules, uo tics being used. In u modifl- 
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eaJdtm of this deek, dumnds raplaoed the nimuog-plateBj and the fails 
wore supported directly on tbnber sleepers resting in the ehannris. A 
farther modification oooBisted in the use of ballast on top of the deck 
plate, in which the ties were laid. The type of floor adopted for certain 
of the traek-elevation work was similar to the one last deseribedi ezoqit 
that the deck plate was replaced by a flooring of ereosoted tongued-and- 
grooved timber on which the ballast was placed. This floor gave good 
service and was cxteii-sively used. These floors are well described arid 
illustrated in the article previously mentioned; and the reader is referred 
to it for complete details. 

The latest trend, however, luis been toward reinforced concrete con- 
struction; and it is sjife to say that this will eventually completely re- 
place all previously iistd types. It lends itself to the best advantage for 
various conditions, and can be constructed in numerous forms. Its weight 
and the cons(^quent extra metal in the superstructure might cause the 
adoption of another type of soUd floor for certain situations; however^ 
the economy of this is questionable, and it is oertain that for short spans 
it affords the best solution of the inoblem. 

One of the lightest of Uus type of floors is similar to those previoastjr 
mentioned, except that the deck, supported on dosdy spaced transverse 
steel beams, consists of a thin reinforced concrete slab which caines the 
ballast for the track. The beams may be spaced farthw nptat by ior 
creasing adequately thdr ase and by augmenting the thickness of the 
slab. In another type of construction the transveree steel beams are 
spaced doseiy together and entirely encased in concrete, the thickness of 
the slab l)eing such that the flanges of the beams are properly protected. 
No reinforcement is usetl in this construction, the beams lK*ing figured to 
carry the entire load, the concrete merely providing a protection for the 
metal and a deck to support the ballast. This construction is esi)ecially 
adapted to I-beam and short plate-girder spans. Where it is impossible 
to ase any of these types of constniction on account of limited vertical 
space, a specially shallow floor can be l)uilt by constructing reinforced 
concri'te troughs between the beams and filling these v,-\\h ballast 
for the ties. The bottoms of the troughs form short reinforced slabs 
resting on the flanges of the beams, while the sides form pro- 
tection for the beams and can be reinforced to act with them in car- 
rying the load to the girders. I-beam spans can be built of similar 
construction, except that the troughs have to run longitudinaUy and 
be wide enough to receive short ties for each rail The trou|^ must be 
braced together transverse^. Various tsrpes at ballasted reinfSoroed 
concrete floors are described and illustrated in the article by Mr. Robin* 
son in the Journal of the Western Sodety of Engineers prevknisly r e fe wed 
to, and also in Skinner's wdl known work, "Details of Bridge Omstnie- 
taon, Fart III, Spedficalions and Standards." Tlie American Society of 
Civil Engineers published a valuable paper, "Waterproofing Railroad 
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Bridge Floors," by Samuel Tobias Wagner, Esq., C.E., in its Tramadims, 
Vol. LXXIX, which gives details of various types of reinforced concrete 
floors. 

In deck-gircler .spans where solid floors arc roquirocl, various ty]K>s of 
construction are resorte<l to, among which are those ])rcviously (U'scrilxHl. 
In addition, however, the reinforceti concrete slab sui)porttHl directly on 
the girders and currying the ballast for the track has been used extensively. 
These slabs in certain cases are cast in j)lac(' and in others are built in 
sections on the ground or at some construction yard and set on the girders 
by means of derrick cars. This type of construction is also well illus- 
trated and described in the articles previously mentioned. It can be 
adi^Hed to truss spans where ordinary floor systems are. employed, but 
where a solid deck must be used. 

In order to prevent the water that falls on a solid floor from flowing 
thiou^ to the roadway below, it is necessary to waterproof the deck in 
some manner and to provide a means for removing the water quickly. 
Waterproofing should also be resorted to when the stringers are to be 
encased in concrete, for otherwise water may reach the steel and cause 
it to corrode, in addition to causing the mcasement to crack and split off. 
Various metho<ls of doing this have been employe<l for the different types 
of construction; and there is a great diversity of opinion among the 
many engineers designing such structures as to the lu'st way in which to 
obtain the desired result. This can be plainly seen from the views pre- 
sented in the before-mentioned paper by Mr. Wagner and in the dis- 
cussions thereon. This is no more than might be expected, as the water- 
proofing of floors is still more or less in its infancy, having received its 
impetus with the track-elevation work at present under way. The American 
Railway Engineering Association also has made extensive Investigations 
along this line, and its conclusions are given in its 1914 ProcerfIi?}gs. Prof. 
Milo S. Ketchum, in his monumental work, the ''vStructural JBngineers' 
Handbook," on page 178 el seg., also treats of the subject of waterproofing 
bridge floors. 

In almost all construction the majority of engineers agree that the 
membrane method of waterproofing is the proper one to use for bridge 
floors; but as to the make-up of this membrane and its application there 
is a difference of opinion. Some consider an asphaltic mastic covering to 

be ample protection; others hold that a two-ply or three-ply mat of 
felt, burlap, or cotton fabric is sufficient; while still others maintain that 
a five-ply mat should be employed. No doubt the last -mentioned 
methtxl is best; and it should be used on all important bridges that 
require waterproof floors. 

In selecting the fabric for the mat, only such material as can he thor- 
oughly impregnated with a protective fluid should he consideretl. Some 
engineers claim that this cannot be done with burlap or even with cotton 
fabric; and, therefore, they maintain that only felt should be mployed. 
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However, it k a fact that a great deal of burlap is being used on important 
work; and it should not be rejected witliout thorough mveetigation. The 
mat is built up as it is placed. The burlap or felt should be well lapped 

at the edgps, and the (liffrreiit layers should be thoroughly bonded with 
the waterpiooliiig luaieriul. Asphalt or an improved waterproofing pitch 
should he used. The mat as a whole should not be bonded to the d^ck. 
It should !>(- ( arrifHi up at the sides above the highest pubsible level to 
which the water can rise. 

Deck structure's are easily waterproofed; but this is not true of through, 
plate-pi rder spans. The difficulty arising in this case lies in the construc- 
tion at the web of the main girder. On account of the vibration in the 
span, the w(>l) usually 84>parateB from the deck, leaving a space far water 
to seep through. The only way to overcome this is to form a pocket in 
the concrete adjacent to the web, and fill it with pure asphalt having 
a low melting point. This will remain plastic under all temperatures, 
and will form a thorough seal between the steelwork and the (leek. In 
such construction a concrete parapet should be built along the webs ex- 
tending well above the ballast; and the wateiprooing should be canned 
iq> with it. The mat at this point should be protected with a reinforced 
concrete oovenng extended up under flashing an^es on the gu-ders. 
Where the distance from the base of rail to the top ctf the gjrder is 
small, it is advisable to encase the entire upper portion in concrete and 
carry the waterproofing and protection up over the top flange. 

The waterproofing mat uiidtT the haliast sliuuld be protectetl with 
eith( r an asphaltic mastic about l}/2 inches thick, a thin layer of rein- 
forced euncrclt^ not less tluui 2^ j inelies thick, or a layer of brick. If 
bricks an- used, tlie upcniM^;s l)etwt't'n lluw can he filled with the water- 
proofing i)itch if the deck is j«'v<'l : but if the structure is on a grade, (v indit 
grout should be employi'd as a filler. The bricks should be placed in a 
mortar l>ed not less than )^ inch thick. 

As it is imperative to remove the water promptly, the floor should 
be well drained A slope of not less than one per cent is necessary to 
secure good results. For short structures, the water can be carried to 
the ends and removed back of the abutments. In this case the''inclin»- 
tion can best be made in the steelwork, the neoessaiy slope being pro- 
vided either from one end of the span to the other or from the centre 
to each end. In removing the water at the abutments, care must be 
taken to provide ample drains behind, so that it will not flow back over 
the ])arapeta onto the bridge seats. Such drahis must provide against 
f reesmg m the winter, which tendency will cause^ the water to flow over 
the abutment parapets. As a rule, however, it will Ix* best not to let 
the water drain olT, Kuuk of the parapets, but preferably to remove it 
tlirough drain pipes carrietl tlown in front of or through the abutments, 
tlie latter arrangement being lulopted so as to protect against freezing. 

Drain pipes under the floor are generally a nuisance to maintain; and 
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they should not be employed when they can be avoided. It is usually 
difficult to give them proper inclinations; and unless protected, they will 
freeze in the winter time. Moreover, open drains are not satisfactory, 
as they furnish a place for birds to nest, which condition makes them 
difficult to keep in order. On long structures, however, some foim of 
drain must he used; and the situation should be studied carefully in order 
to secure good results. The drains should be frequent; and each should 
be provided with a trap just below the floor so as to catch sediment and 
permit cleaning out. The water should be carried to the ground as soon 
as possible after entering the drains; and downspouts should be employed 
frequently to obtain this result. Th^ should be of ample sise and should 
be securely attached to the supports for the main girders. 

In locations where it is neeessarj' to use a thin floor although a solid 
deck is not required, various types vnn be resorted to. One that luus 
l>een used to some extent consists of a floor system of closely si)actHl cross- 
beams carr>'ing running-plat^ on which tli<' rails rest directl3\ Thesi* 
running-plates provide for the attachnicnt of the rails and give rigidity 

the floor system. Tlie main objection to this floor is the noise that 
accompanies tlie passag(» of trains. There is also danger in ca.se of de- 
railment due to the lack of a proper Ix^d for supporting the derailed cars. 
.\nother type consists of a floor f;yst(^m of closely spaced cross-beams with 
short stringers riveted between them, each set of stringers supporting 
one tie. This construction is well adapted to structures on curves when 
it is necessary to superelevate the outer rail. It is, however, more costly 
than the previously described ^ype, although it does not possess the dis- 
advantages mentioned. Where space permits, the cross-beams can be 
spaoed fartbar apart so that thestiingers can be made to cany more than 
one tie. Still another type of shallow open floor has been used— that 
in which the ties are siqqpcrted on shelf angles riveted to the webs ol 
through-girders or where th^ rest on the bottom flanges themselves. 

This last construction is far from deshrable and should not be resorted 
to, especially in the case when the ties rest directly on the flanges. In 
the first place the ties for such a tlesigu have to be unusually Ijirge in order 
to carry the hea\'y wheel concentrations of modern live loads over the 
s[)an between the girtlers. In the second place it is a ver>^ difllicult mat- 
ter to insert the ties }>etween tlio girders even when the span is first erected 
at a time when no traffic interferes with the construction. In fact, it is 
necessarv to siiw the ends of the ties with sjx'cial Ixn'els so as to make 
it possible to enter them l)etween the wel)s of the gir(l( rs; and at the 
stiffeners, further precautions have to be taken. In the third place the 
springing of the ties under live load causes the webs of the girders to bend 
back and forth, with a consequent weakening thereof. This effect is much 
greater what the ties are laid directly on the flange angles, as it is im- 
poosible to support- their outstanding legs as can be done when shelf an- 
1^ are used. Again, with the ties supported on the flange angles, it is 
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difficult to provide proper strata between the giiden from which to stiffen 
the top flanges. It is alwajys poeribk in sucdi a satnation to use some 
other type of shallow floor that will give far moie satlsfactoiy results. 
Even in the old diors when live loads were li^t this type of floor was 
deemed objectionable by bridge experts; but it was useid somewhat on 
account of the prevailing desire <tf general managers of raiboads to cut 
down the first cost of new construction to an abeolute minimum. Today, 
however, there is no excuse for such detailing even on pioneer roads. The 
author can recall but two occa«iorLs in his forty years of practice when 
he was guilty of using this pseudo-economic floori but there may have 
been other instances which he has forgotten. 

Where a floor system for open-deck construction is employed, it con- 
sists of stringers riveted to floor-beams. The floor-beams are rivete<l to 
the trusses or girders, as the etuse may be. End floor-beams should always 
be used, and stringer brackets should be jirovided between the end floor- 
beams of adjacent spaoSi and generally l>etween the end floor-beams of 
the end spans and the parapets of the abutments. For sohd deck con- 
struction in which a veiy shallow floor is required, the flo<»r system uso^ 
ally comrists of beams or troughs riveted to the girders or the trusses. 
In the case of truss spans these beams are connected either to the chords 
or to longitudmal beams suspended below them. When a solid deck is 
adopted, but the use of a shallow floor is not nocesnsiy, stringers and 
floor-beams are generaUy employed. The troughs or cross-beams are then 
riveted between the stringers or supported on top of them. This caor 
struction is also used in hslf-^hrough girder spans. 

As a general rule, only two stringers per track are employed, although 
four stringers are not unconmaon. A shallower floor at greater expense 
can be obtained in this way, but the reason for its adoption i.s more a 
matter of providing for the safe passage of derailed trains. Some roads 
go to the extent of using the ordinary two-stringer construction and plac- 
ing an extra stringer of nonnal section at the centre of the track and one 
on each side of the main stringers. Other roads have different practices 
along the same line. 

In a skew structure the deck should always be squared at the ends. 
It is practically impossible to provide a smooth-riding track where the 
ties at the joint are supported partly on the bridge and partly on the 
filled approach. Moreover, it is impoesible to maintain such a joint in 
even a fair condition. The abutment can be squared on top for each 
track separately, and short stringers can be extended to the skew end 
floor^beams. 

Tlie precedmg dissertation refers larigriy to bridge floors for steam iail> 
ways. However it also covers those for electric railways, although for 
the latter the open-deck construction is used almost exduslvdy. 

The deck of a railway structure, as well as other features of the floor 
and floor eystem, is often detenmned epedflcations or details funiisM 
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to the engmeer by his chent. It is, therefore, neceBBsry to study such 
qKcificataons carefully before determining the make-up of the deck and 
the layout of the floor qrBtem. The flpecifioatUms m Chapter LXXVIII 
cover many points of this natbre which will not be taken up in this cfaiqiyter. 

Although the standard gauge for most railway tracks, both steam and 
flieetrie, la 4' S^i" on tangent, a different gauge is used in some sections 
of this eountry, especially for electric railways. Some foreign countries 
also employ different gauges; hence It is necessary for the engineer to se- 
cure this information before preparing his design, as it will aflfrct the lay- 
out of the floor system. On curves the gauge has to be slightly increased. 
The M annul of the American Railway Engineering Association gives the 
following rule: 

"Curves eight degrees and under should be standard gauge. CSaugc should be 
vidaned oiM-aghth inch for rach two degrees or fraittion thereof over eight degrees, 
to a inTiximnTTi of 4' d}4" for tntrks of standard gM|ge. Qauge, including widening 

due to wear, should never cxrciMl 1' 9' 2"- 

" Wh»'re frogs occur on the inside of curv tvs thf* pango at the frog nhotdd he standard, 
or the flangeway of the frog should be wideneci to compensate* for the inereiuscd gauge." 

For electric railway spans it is usually sufficient to widen the gauge 
a indi for all curves. This increase is to be effected by shifting the 
outer rail and keeping the inner one to true aUgnment. It should be 
made in the length of the spiral, in case a spiral is used, or in a rail length 
m advance of the curve in case no spiral is employed. 

While the tracks are generally spaced thirteen (13) feet centres for 
steam railwajrs and ten (10) feet centres for electric railways, certain 
sections of the covmtry use different spacings, especially for electric rail- 
ways. Under special conditiuns it might be ad\antag('()us or nocossary 
to employ mmiv otlicr spacing. The Government of the Dominion of 
Canada specifies a spacing of fourteen feet. 

As explained at length in Chapter \'1II, while the amoimt of the 
pore le vat ion of the outer rail is generally fixed by the specifications, 
there are conditions where superelevation is imnecessarv and others where 
it is wholly impracticable, so that the specifications should not be fol- 
kmed blindly. Where for any>eason the train invariably takes a curve 
at very slow speed, it is unnecessary to provide superelevation; and where 
turnouts frcHn either a single or a double track occur, it is imix)ssible to 
do so. Again, it might happen that a greater superelevation should be 
provided than that caUed for by the specifications for general practice. 
This could occur at places where the locomotive engineers might be 
tempted to break regulations and run at hic^ speed so as to surmount a 
steep grade. The superelevation should be worked out in the length of the 
qml or on the tangents at the ends of the curve, with a rise of not more 
than one (1) inch in forty (40) feet. The inner rail should be kept at 
grade. Ilg. 8a gives the superelevation to be employed according to the 
q»ecification3 in Chapter LXXVIII. 
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Where the tmrk has .'in approciahlt- rliange in gjado on the structure, 
it is nooe>^<:ary to connect tfir two grades by a vortical curve. It is most 
convenient to break tlu; grade over a pier or column where this can be 
done, as it makes the ia3rmg out of the ate^work easier and more satis- 
faetor>'. It is not always poasible, however, to do this, and hence the 
layout should be studied very carefully so as to obtain the best results 
possible with the fewest variatioDS in the floor qratem. A parabolic curve 
should be used; and it ia generally sufficient to eitend it over one or 
two panals on each aide of the break in grade. 

Tlie sise and section of tiie rails for both steam and electric railwayB 
are usually fixed by the owner or determined by the engineer for any 
particular structure. The author generally uses the sectioos aduiHed by 
ihe American Society of CIvO Engmeers and prefers a section not less 
than seventy (70) pounds per yard for electric railways and eighty (80) 
pounds per yard for steam railways. For the heavier railway loads the 
rails should be of ninety (V)0) pound and even one hundred (100) pound 
sectio!i>. On verj^ sharp curves, especially for electric railways, steel 
guards should be provided on the inside of the inner rail. These may 
consist of rails spiked to the ties, plates atta( hed to the rails with filler 
blocks between the two, or a sjiecial guard-rail s(>etion. Thirty-three (33) 
foot rail lengths are generally adopted for steam railways and sixty (60) 
foot lengths for electric railways, although the thirty-three (33) foot 
lengths are sometimes use<l for the latter. The rails are generally coi^ 
nected v^ith standard, six (6) bolt, angle splice-bars. As a rule, they are 
laid with broken jcMnts, and with full openings between the ends at —20 
degrees and none at + 120 degrees Fahrenheit, the temperature being 
that of the rail and not that of the atmosphere. On electric railways it 
b necessary to bond together the rails in each line, and to crosB4)ond the 
two lines of rails at intervals of not more than five hundred (500) feet. 
The author in his practice has used compressed tenninal bonds, similar 
to Bond No. 7103 of the Ohio Brass Co., with tenninab and 4 - 0 
cable placed under the angle-bars at each joint. The bonds dioald be 
pro|>erly compressed into freshly drilled holes in the webs of Uie rails. 
Care shoulfl be tak(m to see that the rails are not connected in any way 
to the steelwork: ami proper insulation must be provided where necessary. 
This is also nfpiir.d on >t(ani railway bridges where there is employed 
any kin'i oi -iLinal sy>l( ni in which the rails form part of the circuit. 

At the end- of movable bridges u liere it is necessary to break the rails, 
many deviei > have bcvn employed lo niak*^ the traek continuous whcMi 
the span is in iK)sition for traffic. Such devicr^ .n* often standard with 
any particular railroad company. The author lias used almost exclu- 
sively the gap-bar shown in Fig. 19a» and ha.s found it very simple and 
satisfactoiy. The bar is made of manganese steel in order to prevent 
rapid wear. It is necessary that it be well supported, as shown. The 
same detail was adopted for the expansion ends of the fixed i|Mm8 of 
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the Piicific Hip;hway liridgc over tho Columbia Hiver, designed by the 
author's firm. In this ease the expansion ends of the adjacent hxed spans 
' were placed on the same pier, which caused a large expansion to take 
place at that point. The same gap-bar can be used for the ordinary 
layout of spansy although it has been the general practice to make the 
xails contmuous over the entire structure. 

To overcome the effect of the expansion of the steelworky a very 
good arrangement of the track was used 1^ the JKttsburgh and Lake 
Erie Railroad on the Beaver Bridge 
over the Ohio River. It was de- 
scribed in Engineering N^m <tf Janu^ 
ary 26, 1911. The ndls are supported 
on tie-plates fastened to the ties 
with screw-spikes. The heads of the 
spikes are sedated on bojsses on the tie- 
plates and extend over the rail fiaiige 
with a clearance, however, of one 
thirty-sfTond (/82) of an inch Ix'tween 
the spike heads and the mil tiangos. 
This gives the rails a perfect free- 
dom of movement longitudinally. At 
the fixed ends of the spans they 
are permanently attached to the 
deck by anti-creeping devices. The 
expansion and contraction of the 
ftptam and of the rails are, conse- 
quently, independent of each other. 

Where the track is broken at the 
ends of movable spans, the rails on 
both sides of the lu'eak should be 
firmly fastened to the deck by anti- 
creeping devices. A good detail of 
such a device is illiu^trated in the ar- 
ticle just referred to. It consists of 
specially-ma«le, wide-fianged plates bolted to the webs of the rails as 
well as to a wide, flat plate on whicli the rails rest. To this j)late are 
riveted lug angles that bear agaiiiist the ties; and the plate is mIso bolted 
to the ties or fastened thereto by screw-sj)ikes. Lug angles to bear against 
the ties are riveted to the stringer^, to which the ties are hook-bolted. 
This device has proved very satisfactory. On the fixed spans back of 
the break in the rsik, switch points should be inserted in order to allow 
the rails to creep without disturbing the gap bars. If this is not done, * 
great annoyance will be occasioned m the operation of the movable 
span by the interference of the rails of the fixed spans. 

The d imem d^ y PB of ties for track on tangent are usually given by the 
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designing specifications or in the data furnishtHl by the ov^Tier for any 
partit ular structure. On ballasted decks the regular ti:ack ties of the 
road vsith the ordinary' spacings are generally adopted. For open decks, 
Table 19a shows the various sizes of ties for any pnven span and loading, 
while Table 196 gives the allowable span lenplh for any size of tie and 
for any class of railway loading, in accordance with the specifications 
in Chapter LXXVIIL It must be remembered, however, that these ticB 
•le for the ordinaiy tangent alignment and for the usual dapping of one- 
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half (1 ^) inch. When it is necessary to dap the ties more than this amount 
and for structures on curv^es, special con.'^idoration must be given to tlieir 
design. Specificatioas sometimes recjuire the ties to be dapped so that 
one-half of the camber is tiiken out of the deck. The author does not 
follow this practice, as a rule; for he considers it more a<lvautag;eous to 
niake the ties uniform. Again, wlieu ties are supj>orted on girders \\nth 
cover plates on the top flange, a variation in the dapping must be taken 
care of. The same thing holds true over tiie piers in deck spans on a 
skew. Where vertical curves are lequired, it is u-ually necessary to vary 
the dapping of the ties on the curve. In all of these cases the entire 
pioblem must be studied carefully in adopting any size of tie, and the 
BtiCDgth of the tie at the support should not be overlooked. It is always 
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beat to use the same dxed tie with the same framing on any one structure; 
and the layout of the steelwork should be studied to gain this end, if 
poBsiUe, but, of course, not at the expense of the said steelwork. 

For bridges on curves where no superelevation is required, it is nec- 
essao' to figure the maximum moment on the ties and determine the 
section from Fig. except in the ca.s(^ of flat curves where the strinp;ers 
are praetieally paralh^l and symmetrically s})aced with respect t«> ilie 
rails, in which case the size of ties can l)e taken directly from Tahle lOr?. 

Where th(? track i.^ Miperehnatcd, the tics have to be proi>ortion('<l 
just as stated, but the question of the size of tln' tie will depend on the 
method adopted for taking care of the suixTclevation. DitYerent meth- 
ods are used. The most common and probably the best of these is to 
keep the stringers or girders in any cross-section at the same elevation 
and use a tie of constant depth with a difTtTcnt dap at the two ends. 
This, however, becomes uneconomical win re the superelevation is large, 
and in such a case it is best to adopt beveled ties. In the author's prao- 
tioe ties with a depth of as much as twenty-two (22) inches at the deeper 
end have been used in deck-truss spans where th^ were supported di- 
rectly on the chords. This, however, is extreme, and any particular case 
should be looked into carefully before adopting such a depth. Where it 
u practicable to do so, some engineers incline the stringers or girders so 
as to have their flanges in a plane as nearly parallel to the plane of the 
track as possible. This permits the use of a constant depth of tie with* 
out excessive dapping, but makes the layout of the steelwork, as well as 
the fabrication, more difhcult. Anotlier method that has been used to 
obtain a constant and shallow depth of tie is to keep the girders vertical 
and to make them of difTerent depths. This, however, is more oV)jec- 
tionable than the methmi just described. The author has never resortcni 
' to either of th<'-«' |)r.u'tic(\s. and docs not consider their adoption advi.sa- 
ble. A better method of providiufz; for excessive supcn lcvation is to use 
eoiLstant depth ties tliat will figure for th(» maximum moment, and attach 
i)eveled shims under the higher ends. Th(>se should be well fastened to 
the ties and should have sufficient depth over the support to prevent 
any tendency to break down under pounding. The sliini^ should never 
be placed on top of the ties under the high rail; neither should* longitu- 
dinal shims be placed on top of the stringers under the ties at the out- 
side of the curve, although such shimming is permissible in highway 
bridges. In figuring the effects of track curvature Chiqyter VIII should 
be studied carefully. 

On curves the ties are to be made symmetrical about the centre line 
of track as far as it is possible to do so. They should be spaced uniformty 
over the spans and laid at right angles to the centre line of the bridge, ex- 
cept near the ends of the spans where they are fanned out so that the 
space between the ties at the ends does nut vary more than one (1) inch 
from the uniform spacing. 
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In aD cases the length cf the tie is to be such that the ends extend 
at least six (6) inches beyond the outade edges of the supports. The 
ties should always be kept dear of the flanges of the floor-beams so as to 
prevent the fonnation of a dirt pocket over them. Wherever the rail 
is as much as three (3) inches above the fiowibeams, a shim of the same 
width as the floor-boun flanges diould be laid on top d them. On the 
fills back of the abutments the length of the ties must be such that the 
guiirei-iinil>ers that are extended out from the bridge can \yc fastened 
to them. The ties on the parapeti^ should not be laid directly on the 
concrete but should be sui)p()rted on short shims or blocks in line with 
the stringers or girders, which wiW hold them away from the conerete. 

At the refuge bays on long (hck structures three or four ties must be 
extended to su}i]>^rt the plank flooring. At the outer end a substantial 
timber handrail sliould be provided. Walkways for the full length of 
the structure are sometimes called for by the owners for the use of the 
Crackmen. In such cases every third or fourth tie should be extended 
so as to carr\' the walkway flooring in single-track railway spans; and 
in double-track spans every third or fourth tie should extend over both 
tracks, and the walkway should be placed between the tracks. On account 
of the danger from hot coals dropping fn»n the locomotive, in no steam 
railway bridge should the walkway be placed along the centre of the 
track; but in electric railway structures this is pennissible, although not 
advisable from the point of view of safety of pedestrians. A walkway 
from eighteen (18) to twenty-four (24) inches wide will be ample. 

In open-deck railway-floors the life of the tie b not dependent to 
any great extent upon decay, but rather on mechanical wear and deteri- 
oration under loading. The best grades of timber are needed for such 
floors, and they should be thorouglily protected by the use of tie-plates 
of pro|)cr design. Also the question of rail fastenings shouUl be carefully 
eoTLsidered. In ballast(vl «!( ( ks and on the approaches it is not neces- 
sarj'' to use the Ix'st. kinds of timber for the ties. In fact, the supply of 
this class of timber is so limited, when due considiTat ion is given to 
the probable future demands, that the railroad companies for some 
years have been experimenting with the poorer varieties and have 
found certain of these to give excellent service when properly treated 
and protected from mechanical wear. These experiments are still under 
way both as to the species of timber that can be successfully employed 
and as to the proper methods of treating them. The reader is referred 
to the Proeiedin0» of the American Bailway Engineering Association 
for Uie most valuable information on this subject. It has heesa shown 
thiit these treated timbers are more economical for ordinary track con- 
struction than the best timbers untreated. In any case where it is deemed 
advisable to use treated ties, the treatment should be such as to protect 
the tie properly for its life as gauged by its resistance to mechanical 
destruction. It is necessary, however, to protect them from mechanical 
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wear, as treated ties are more susceptible to the destruction caused by 
the pounding of the rails than are the untreat(Ml ones. The American 
Railway Engineering Association has made extensive investigations re- 
garding tie-plates, as to their use and proper design; and the reader is 
referred to the Report of the Conmiittee on Ties in the 1914 ProceedinffS 
for their most recent concluaioiis. These migfat be stated briefly as follows : 
Hat-bottom tie-plates beoome loose wbm cut-spikes are emidoyed, result- 
ing in mechanical wear; but when used with 8crew-q)ikes they have proved 
very sucoessfuL Plates with deep ribs or daws cut the ties so as to admit 
moisture, thus causing decay; and are, consequently, undesirable. Plates 
with cross ribs not over Yis" deep are just as efficient as those with deeper 
ribs, even when used with cut-spikes; and th^ do not seriously damage 
the ties. The width of llie tie-plate is an important element in deter- 
mining the mechanical wear, and the use of plates less than seven (7) 
inches wide with soft wood ties will often determine their life. The plates 
should be of ample strength to distribute the load to the ties without 
deflection. Cut-spikes break down the structure of the wood, thus 
facilitiiting decay through moisture. This is avoided to a considerable 
extent where tlie spikes are driven in bored holes, and such spikes have 
about the same holding power as spikes ordinarily driven. Diamond- 
pointed cut-spikes are preferable to those with wedge points when thus 
driven. Where treated ties are used, all boring should be done previous 
to treatment. 

On account of the unsatisfactory results in the life of the tie due to 
the use of the cut-spike, the screw-epike lias received c(msiderable atten- 
tion in this country during the last few years. . In Europe it has been 
used for a long time^ and it was there that it received its greatest devel* 
opment and widest application. In Fhmoe it is used almost eatchunvebr; 
and the cut-spike is raindly disappearing in the rest of Europe. In the 
United States some of the larger railroads have submitted the acrew- 
sinke to numerous and severe tests; and one of the latest articles on the 
results of a set of such experiments was published by the American Ilail- 
way Engineering As.so('iation in th(^ 1915 Proceedings. In that article 
G. J. Kay, Esq., Chief Ihigineer of the Delaware, Lackawanna, & Western 
Railroad, gives his reiisons for adopting the screw-spike, the details of the 
spikes, linings, and tie-plates, the methods of preparing the ties and driv- 
ing the spikes, the tests made, the conclusions rearhed. and the precau- 
tions to br taken. The results of the investigations cannot well be given 
here on account of the large amount of space they occupy. The article 
is full of valuable information throughout; and the reader can well af- 
ford to take the time to look it up, if he b( at all interested in the matter. 
The investigations showed up vers- favorably for the screw-spike. A few 
of the many points brought out in the article might be mentioned. The 
question of vdiether it will psy to use screw^epikes will depend on the cost 
of ties, their probable life, and the amount of traffic. Tie-plates should 
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ahrays be used with screwHspikes, and they should have a shoulder on 
etch side to prevent the rails from cutting into the spikes, as weU as bosses 
to support the heads. The size of the spikes and the design of the thread 

should he carefully considered before its adoption, as a change later on 
would not iHToiit the utilization of the old holes without tlamage to the 
^(.xA fibre. The heads should have tapering sides so iis to permit the 
ui<^ of a standard wrench in cjuse of decreaised size due to rusting. WTiere 
brine drippings have to be dealt with, the heads should be of ample size 
to provide for deterioration. All ties should be bored befure treatment. 
The holes should be of proper dimensions for the class of wood used, with 
due regard to the size of the screw-spike. Holes should be bored some- 
what deex)er than the length of the screwHSpike, and there is no objection 
to boring clear through the ties. 

In connection with its many investigations along the lines of track 
betterment and economy, the American Railway Enpneering Assodar 
tkn has made many service tests of various forms and makes of ties 
dtm^^ to take the place <ji timber ties. So far the results have not 
been very satisfactory, except, possibly^ in regard to the Carnegie steel 
ties, which have been used quite extensively on certain roads and have 
given good service. Further investigations are necessary in order to de- 
termine the advisability of adopting any of th(» many ties proposed. The 
latest report on the subject is to be found in the 1915 Proceedings; and 
on pages 53G and 537 of that book are given references to precetling volumes. 

A single line of outside guard-timbers is commonly employed for rail- 
road bridges; and inner guard-rails, preferably of steel, ought to be used 
as well. The latest conclusions of the American Railway Engineering 
AsBociation regarding guard-timbers and guard-rails are as follows: 

"(1) It is reoommended as gpod practioe to use guud-timbcfs on all open-floor 
faridgee; and the same abouU be ao oonatruoted as properly to apace the ties and hold 

them securely in their places. 

"(2) It in recommended as ^ood prartiro, in the installation <tf inner guardHrails, 
to oxtPTid them beyond the ends of the bri(lK«?s for such distances as are required by 
loc.ll (rulitiona, but that this distance, in any cjuse, be not les8 than 50 feet; that 
fuaril-rails be fully spiked to every tie, and spliced at ev<'ry joint; that the guard- 
rails be dome form of metal section, and thai ihe ends be beveled, bent down, or other- 
viK pfotceted against direct impact with parts of the moving equipment. 

'*(8) It is reoommended that the guaid-timber and inner guaid-iail, when used, 
be so spaced with reference to the tndcHrail that a derailed trudc wiU strike the inner 
guard-rail without striking the guard-timber. 

" (4) The inner guard-rail must not be higher nor over one inch lower than the 
ninning-rail. 

"(5) It is reeommendefl as pood prm titi' io umc inner guard-rails on all open- 
flow bridges and on the outside trai k.s of all solid-floor bridges and similar structures 
longer than 20 feet on main-line tracks, and on similar bridges and structures on branch- 
lioe tradts on whidi the speed of trains is 20 miles per hour or more." 

The discussions before the annual conventions which adopted the 
above conchiBions will be found on page 1136 et teq, of Vol. 14, and 
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page 1096 el S6q, of Vol. 15, of the Proeeedinga of the* American Railway 
EngmemngAflBociation. It wiU be noted that there was much di£ferenjM 
opuuon regarding the last conclusion, many of the engineerB considering 
its provisioos to be somewhat too stringent. It is certainly, however, in 
tiie interest of first-class construction. A very satisfactory finish can be 
l^iven to the inner guard-rails by bringing their ends together at the cen- 
tre of the track, and connecting them with a cast nosing. Re-railing 
frogs should be placed on th(^ ai)])roach(\'* at short distances from the struc- 
ture. The outside giiaiii-rails should cxtc^nd n like distance l)(\vond the 
ends of the bridge; and the best practice would place a sul)stanlial pier 
at such p^)ints either to force the derailcl cars toward the track or else 
to break a coupling-bar so us to prc\ mt the cars from reaching the bridge. 
Tn hallast(Ml deck structures substiintial parapets at the sides are an im- 
portant safeguard to derailed trains, and cost should not be considered in 
making them amply strong. 

The standard practice has been to dap the outside guard-timbers 
over the ties to prevent bunching, and to secure them to every other 
tie by a three-quarter inch bolt; Imt the 1915 Report of the Committee 
on Wooden Bridges* and Trestles of the American Railway Engineering 
Association (see Vol. 16, pages 893, 894, 1180, and 1181) suggested that 
it mi^t be found better to fasten the guard-rails to every tie by lag- 
screws, and omit the dapping. The lag-screws should be screwed into 
bored holes, not driven in like spikes. More definite reoommendatioiis 
win doubtless be made in the 1916 Report of the same Committee. 

In highway bridges various types of floors and floor systems are em- 
ployed, and the design depends largely upon the location of the structure, 
the class or classes of traffic crossing it, and the funds available *"or its 
construction. As explained in Chapter X\'lll, a structure may carr>' 
only one roadway (»\rr wliich all classes of traffic (peflestrian, vehicular, 
and even electric or steam railway) pass; but the steam niilvvay should 
generally be separated from all other clasM s, if practicable. When a struc- 
ture is of some importance, separate roailways are pr(t\ i<lr<l for each kind 
of traffic, with a i)ossible combination of steam or electric railway traffic 
with that of light, fast, automobile traffic. In bridges located outside of 
cities, usually a single roadway is provided, although in more importimt 
bridges, where pedestrian traffic is heavy, a sid( walk or sidewalks should 
l)e employed. As a rule, steam railways do not cross such structures. 
City bridges generally have separate roadways for vehicular and pedes- 
trian traffic; and where electric railways cross the structure, they usually 
occupy part of the main roadway. Sometimes separate roadways are 
employed for the heavy, slow, vehicular traffic and the light, fast traffic, 
especially where electric lines cross the structure, in which case th^ oc- 
cupy the roadway for the light traffic. Steam railways may have a special 
deck or may occupy part of the roadway in the same manner as do the 
electric railways. The adoption of any particular traffic or combination 
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rf traffic will detefmine to a large extent the construction of the floor 
and floor system* 

The lii^test and most unsatisfactoiy construction consists of the old 
t\-pe of timber floor of wooden stringers covered with one lajrer of plank 

: Vrminp tho roadway. This construction was not so objectionable when 
first employed, iis the gcKwl hardwoods tluit were then easily procured 
had a fair life. Moreover, the traffic in those days wa.s light, so that 
the.<e tioors did not wear out quickly. With the growing scarcity of g(W)d 
hardwoods and the increase in live loads, the maintenance of i:'iaMk Hfu rs 
has Ix'come a difficult proVjjcni. With the soft woods and heavy traffic 
the flooring husts but a short tiiiie — som( times not more than a few montlis. 
On account of the lack of uniformity of the timber in the flooring, certain 
pieces will wear out and require repairs sooner than others. Such repairs 
usually consist of laying short planks over the worn-out parts of the floor, 
thus producing irregularities in the surface, which, when struck by the 
passing traffic, set up excessive vibrations in the steelwork. It is not 
infMiuent that such repairs are not nude until some animal has been 
seriously hurt by having its foot caught in one of the holes in the floor. 
In isolated districts where the traffic is light and timber plentiful, such 
eonstruction is still permissible, but not in growing communities of 
any size. 

Where the single plank floor on timber stringers is employed, the 
flfmring, consisting of planks tlircc (3) or four (4) inc hes thick, is usually 
l:ti<i iliagonally on tonf^itudinal timber joists supported on top of the floor- 
l)eains or on shelf angles' attached to the floor-beam webs. This construc- 
tion IS generally adopted for through bridges, which are u.scd almost ex- 
Husively for such locations. Where deck struct uri>s are l)uilt, the joi.sts 
are placed at right angles to the girdiTs, and ihv |)lanking is laid on these, 
as before. Where the joists are placed on top of the floor-beams, the in- 
teraiediate ones should l)e lapped over them \v\i\\ a small air space be- 
tween. The outside joists, however, should be in line, on account of the 
handrail connection. These joists can be fastened to lugs riveted to 
the top flanges of the floor^beams. All such joists should be well cross- 
braced at the floor-beams and at intermediate points, especially in the 
case of the outer lines, because of the possible twisting effect of the hand- 
rails when the latter are attached to the outer joists. 

A better construction in the plank floor is the use of steel stringers 
in place of the timlxT j oists. The intermediate stringers should be I-beams 
and the outside ones channels with the flanges turned in so as to provid(> 
an easy connection for the handrails. The stringers shoukl }>e riveted 
into the flo()r-])eams and not supportctl on top. as tl e forui* r method 
produces a much mure rigid structure. Nailin^-strii)s on top of the 
''Iringcrs sliould be used to provide a means for spiking down the floor. 
Thos<' can be fastenerl to the steel by bolts passing through the shims: 
and through holes m the top tlaugi^ of the stringers. This, however, ro- 
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dupes the flange section of the beams in addition to weakening them 
otherwiae. A better detail conastB of clips fastened to the nailing-strips 
and passing under the top flanges of the stringers. This detail is shown 
in Fig. 196. 

Bometinies a floor is made up of two layefs of planking, the base plank 
and the wearing surfiBee. This oonstruetion is not» as a ralOi adopted 
lor the ordinary plank floor just described. The timber in such a floor 
should be well treated — at least the base plank and supporting shims or 
joists should be; but it Is not oonvenient to use treated timber on mall 
stmetures. It has, however, a particular advantage in flodrs of 
combined bridges, where a special roadway is provided 



^'^'^i'c/ip^^^ for steam or electric railway and light vehicular traffic 
I tion the rails, usually about five (5) inches high, are 



^wnAff^^^ to the exclusion of all other traffic. In this construc- 



V 




supported on wofxlen ties, which, in turn, rest on steel 
stringers riveted between tlie floor-beams. The size 
and spacing of the ties will depend on the loads and 
Fig. 196. Clips for spacing of the stringers. The same spacing of 
TSnibw Shfans. ties may be used throughout the cross-section, or a 

^der spacing may be allowable outside of the tracks. 
Hie more economical arrangement should be adopted. The lower or 
base plank is generally made about three (3) inches tliick, leaving 
about two (2) mches for the wearing surface. The base pkuik 
should be laid kmgituduuUly on the tiesi and the wearing surface 
transversdy between longitudinal timbers akng the rails and under 
the guards at the sides (tf the roadway. This permits the replacing ol 
the wearing floor without disturbing the rest of the deck. The wearing 
surface, induding the strips along the rails, should, i^referaUy, be ol 
hardwood or else the best grade of long-leaf yellow pine, Oregon fir, or 
other suitable timber. It .should not l)e treated, although all the rest 
of the timber should receive a thurougli inijjregnation of creosote oil. 
The top surface of the base plauks should be well swabbed with hot pitch 
before laying the wearing floor. The ties should be countersunk to re- 
ceive the cup washers for the hook lx)lts so that no ]mrt of the bolt pro- 
jects al)()v(^ the Uv. This type of floor is shown in Fig. 19c. 

The construction last described is well adapted to V)ascule bridges 
where wood-block and other pavements cannot be used. Great care 
must be exercised in securing the flooring to the steelwork. The short 
life of such a flf>or under heavy traffic is, however, a serious drawback, 
and the City of Chicago has used a patented floor which has been quite 
sucoesBful. This oonsistB of one (1) inch ehn stripe that have been dipped 
hi asphaltum, placed on edge, and bdted together in sections containing 
from five (5) to ten (10) square feet. 

Wood blocks are now used veiy extensively for pavements om bridge 
floors; and they make one of the most satisfactory roadways obtahiable. 



Digitized by Google 



wuxxBB jam noon by&omb 



807 




Digitized by Google 



388 



BBn>OB BNGXNBBBXNG 



Chapter XIX 



They are light, wear w^Sl, and can be adapted to any grade. On t^eep 
grades they can be arranged so as to give the safest payementior horses. 
The blocks, which are. manufactured from suitable timber and thoroui^ 
treated, vary in depth and width from three (3) to four (4) inches and 
in length from six (6) to ten (10) inches. The width shoidd alwiqrs dif- 
fer from the depth so that the blocks will be laid with the grain up. Special 
blocks are necessary along the rails. The blocks are generallj' placed at ' 
right angles to the roadway, except at the sides w here two or three ro^^a 
should be made to follow the curbs. C)u grades of hss than three (3) 
jxT cent, the lilocks should be laid close but with sufficient openings l)e- 
tween them to permit the proper ap])li('ati<»n of the fiUer. On grades of 
more than three (8) per cent the blocks in tranjsverse rows should bo 
separated by rrco^^oted laths about one and • one-quarter inches 
wide and threi -( iu,hths 0 s) of an inch thick, placed on edge. The openings 
left between the rows of blocks above the lath are filled with gravel, not 
over one-quarter inch in any dimension, from which the sand has 
Ijeen removed, or with stone chippingB of equal grading. The spaces 
between the blocks in either the close or the open construction and the 
voids of the stone in the latter are filled with pitch to tiie top of the pave- 
ment, care bdng taken to see that the surface is left free thorefrom, sand 
alone never being used as a filler. The blocks are then covered with 
small stone chippings to a depth of about one-balf u^ch. and thor- 
oughly rolled. This pves a good surface to the pavement and also takes 
up any pitch or creosote oil that comes to the top» Near each cuxb one 
or more pitch joints about one (1) inch wide should be provided to take 
care of expansion, the number depending upon the width of the pavement. 

The wood blocks are laid on either a treated })laiik base or a concrete 
slab. ^V'lien placed on a ])lank l)ase, a layer or two of tar paper, thor- 
oughly swahlx'd with hot j)itch, is usually placed between the blocks and 
the plank. When a concrete base is used, various constnictions are 
employed for bedding the blocks. One that lias been use<l to a large 
extent in l'"uroi>e, and which has been reportetl a-s giving excellent service, 
consists in finishing the concrete to the true crown of the roadway with 
a float and placing the blocks directly on this floated surface without 
any intervening cushion. In this coimtry a sand cushion from one-half 
to one (1) inch thick hiis been used extensively, although it has not 
been altogether successful. The sand has a tendency to flow as pressure 
is applied to one edge of a block, so that the blocks are not stable. This 
has been overcome to some ejctent by uang a very thin cushion. On 
grades, however, a worse trouble has arisen. Here the sand has a ten- 
dency to work down grade, especially when wet; and during construction 
a rain may necessitate the repkicing of a large area of blocks already down. 
To overcome this trouble as well as the previous one, a mixture of sand 
and cement has been frequently used for the cushion, and has given 
.satisfaction. Some advocate using a dry mixture and placing the biocka 
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on this; others prefer placing the cuBhion dry, but sprinkling it with 
water just in advance of lasring the blocks; while still others recommend 
the emi^oyment of a slif^tly dampened mixture. Where the work pro- 
gresses rapidly and the pavement can be rolled immediately after the 
bloeks are laid, the latter method should give the most satisfactory re- 
sults. Where this is not the case, the cushion may sot l>eforo the pave- 
ment 1i:ls h)een rollod, which is not udvisablo. The object iu any case 
is^to obtain a gtxxi, firm bed for the blocks, and the best way to secure 
this must be left to the judgment of the engineer on any particular piece 
of work. When it is necessary to waterproof the floor — and even when it 
is not — a ver>' satisfactory b<'<l is jifTorded by a waterproofing mat. This 
can be made of two-ply or three-ply burlap thoroughly lapped at the 
edges and bonded together w'.th waterproofing pitch of a proven quality. 
Where the waterproofing is specially called for, the mat should be ex- 
tended up the curb to the top of the pavement and keyed into the former, 
the method of waterproofing the floor of the Twelfth Street Trafficway 
al Kansas City, Mo., which structure was designed by the author's firm, 
is outlined in the specifications given in Chapter LXXIX. 

Where plank is used as a base for wood-block pavement, it is supported 
on treated timber stringers, on steel stringers, or on treated ties which in 
turn are sup|>orted on steel stringers. The 
firet two methods are particularly adapted to /^^2^'6*4*^ 
roadways without railway tracks, while the last /pouk' o 
boused almost exclusively for roadwavs tli:il 
cany railways. The first method should Ix' em- ^ 
ploye<l only where the cheapest construction is w /2'2S'-2'6''c'fhSi 
nt'cessar>\ It is well suited to a dfck structure, Fig. IW. Rail Support 
in which the joists can be placed transversely on 

top of the girders. In the s<H*ond methml the planks can be laid di- 
rectly on the stringers and hook-bolted to th(*m, or upon nailing-strips 
fastened to the stringers. The latter method is to be preferred, al- 
Umk^ the former is used by many engineers. The roadways outsid(> (if 
the trusses, which are illustrated in Fig. 19c, have flooring of this kind, 
hi this type of construction the floor system can be built so as to pro- 
vide for tracks. Mr. Thomas Ellis Brown, C. E., designed a very satidfac- 
toiy detail for supporting the rails, as shown in Fig. 19d. A descrip- 
tion of it is givien in Engineering News of March 25, 1915. 

Where ties are employed, they should be arranged with the stringers 
to give the most economical layout. 

A concrete base for a pavement is invariably supported on either steel 
or reinforced-concrete stringers or girders. It may be carried on crass- 
beams restin^i; on longitudinal stringers, as was tlone l)v the autiior's firm 
on the Pacific Highway Bridge at Portland, Ore., shown in Fig. 19e. 
In this cai>e a bitulithic pavement was adopted. 

The sise of the raiLs to usfi will depend on the type of construction 
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employed. With the plank base^ a seven (7) or eight (8) inch rail sup- 
ported on the ties is generally required, ita height depending on the depth 
of the timber. With such deep rails tie-bars should be emi^yed to main- 
tain the gauge of the track. Seven-eighths Q/Q inch bars spaced about 
mx (6) feet oentres and placed just above the base plank-have proved 
satiBfaotoiy. For the construction used Messrs. Boiler, Hodge, and 
Baird, any sise of rail can be adopted, as its support Is independent of 
the floor. A rail about five (5) or mx (6) inches high is to be preferred. 
When the blocks are supported on a concrete base, the rails may be car- 
ried on steel ties embedded in the concrete, in which case the said rails 
should be alxjut five (5) inches high; or they may rest on cross-1 warns, aus in 
the Pacific Highway Bridge, under whicli circuuistancc's a much deeper rail 
will l)e required. Steel ties, when used, should l)e about 6' 6" long, 
placed al>out 2' 0" centres; and they should always be embedded in a 
plain concrete base which rests on the reinforced-concrete floor-slal). 

Bitulithic and asphalt pavements on roncn^te buses are usid quite 
extensively and have proved siitisfactory in many cases. On steep grades 
they have a tendency to flow in warm weather, and in winter they be- 
come very slippery and difficult for horses to travel on. Local conditions 
should be carefully studied and specifications thoroughly drawn and rig- 
idly adhered to in adopting ^ther o£ these pavements. 

Brick and stone-block pavements are not generally used for biidge 
floors on account of thdr excessive weight. They may be employed on 
short spans where the extra dead load will not materially affect the weight 
of the siQierstnictuie. Moreover, on the i^yptoachee th^ can be used to 
' advantage. They should be laid on a one-and-arhalf (IH) or two (2) 
inch sand-cushion overlying a concrete base; and the jcnnts between the 
blocks should be filled with cement mortar. Transverse expanaon joints 
are required about every twenty-five (25) feet alon^ the roadway, and 
longitudimil joints are needed along the curb. Thc^ae jumts should be 
filled with pitch. 

For small highway bridges with light traffic where a more permanent 
roadway is desired than the plank floor providers, but where a less cost 
than that for any of tiie floors previously mentioned is a necessity, a con- 
crete pavement can be adopted. This consists of a concrete slab with 
an extra thickness for wearing surface. This extra thickness should not 
be less than three (3) inches. The slab and its reinforcement should be 
so flesigned that the wearing down of the surface will not affect its strength. 
The wearing surface should be made of a 1 : 2 : 3 mixture of cement, 
sand, and small ktfoken stone. The slab is generally supported on steel 
stringers riveted to the floor-beams. 

Buckle-plate floors are not now used to the extent that they have 
been in the past, as they have been replaced by other types. While they 
are very light, they are more expensive than ^e type shown in Fig. 196, 
ivbieh is, moreover, a better floor. In veiy long spans and In eaatikfver 
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. structureB with large openings there might arise a ease where the metal 
saved in the superstructure by the use of a budde-plate floor would make 
up for the extra ooat of the said floor. However, such structural aie rare ; 
and even then it is a question whether some other type of floor is not 

preferable, for quit-e lately it has been found that buckle })lates iire unsat- 
isfactory for suppoi liug block paAcmeiit, which the unavoidable deflections 
pennit to be broken up under heavy concentrated loads. 

Sidewalks are usually placed outside of the roadways. They are of 
cither untreated timber or reinforced concrete on the bridge proper, or of 
eoiierete slalw on tlie approaches. They are su])ported on the inside l)y 
the curb and at intervals by timber or steel stringers. Where the main 
roadway lies entirely between the trusses, the sidewalks are g»ieraUy 
carried on small cantilever brackets extended out from the trusses at 
the panel points. Where the main roadways lie outside of the trusses, the 
sidewalks are supported on extensions of the cantilever brackets that cany 
the roadways. The sidewalk flooring should be so thick that its strength 
will not be seriously impaired when wear takes plaoe. Moreover, in case 
there is any likelihood of the traflSc from the roadway getting on the 
sidewalk, it should be strong enough to take care of such unusual loads 
with a small margin for ssfe^. The same is true also of the flooring over 
the spaces between the truss members, when the roadw^rs are extended 
beyond the trusses. 

On all structures it is necessary to take rare of the drainage. With 
single plank flooring this is done by leaving one-half (^) inch spaces 
between the planks. On other floors it is necessary, however, to cro^Ti 
the roatlways so as to carry the water to the curbs. A crown of one- 
sixtieth (I (>0) of the width of the roadway will be ample for this pur- 
pose. The parabola, which has generall}' been used for laying out the , 
eross-section of the roadway, gives too flat a surface for the centre por- ' 
tion. To overcome this, a broken curve has been used by many engi- 
neers. The general practice is to make the distance from the crown to 
the pavement at the quarter point from the centre one-eighth (3^ of 
the total drop; at the half point, three-eighths ( J^); and at the thre^ 
quarter point, five-eighths (^). This can be easily obtained in the or- I 
dinary highway floor without tracks as well as in the floo> with tracks 
where timber lies are not used. Where such ties are emi^oyed, the . 
breaking of the floor as called for by this method of crowning may add 
a considerable amount of timber to the ties due to lapping them at the I 
supports where the breaks are made. To obviate this difficulty the fol- 
lowing methods can be employed. For a single larack at the centre, this 
portion of the roadway can be made level, and that beyond the track can 
be given a uniform slope to the curb. For a double track, each track can 
he given an inclination corresponding to the centre slope in tlie metho«l 
first described, and l)eyond the track the roa«l\vav c:m be inclined to the 
curb so aa to provide the required crown. 6idcwaikd :should be given a 
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abpe of about one^uarfter' inch to the foot toward the Inside so 
that the water will drain cmto tiie roadway. 

On curves the oiowni&g of the roadway is well adapted to the inner 
track for double-track structures as well as to a single track where it is 

not considered necessary to superelevate the outer rail. But the outside 
tr:i( k, where a double trac k crosses the bridge, is at a <iocidod disiidvan- 
tagt', lus it lias a reverse inclination to what it should iia\c. This may 
not be objectionable where the curve is light or where the trains or cars 
take tlie curve with a nio<ler;it» sjn-ed. However, wlien* it is desirable 
to take the curve with a higli s|mm (1, this is not j>ermissibk', and a remedy 
must be resorted to. Where a single track is placed at the centre of the 
structure, it can be given the proju'r superelevation by reducing the slope 
of the inner part of the roadway slightly and increasing it on tlu^ outside. 
If this gives excessive side slopes, it will be necessary to modify the floor 
construction so as to reduce them. In steam-railway work, when on(»- 
haif (^4) i^^'^^ superelevation is sufficient, no trouble will occur if the 
above method is employed. The same is also true in double-track work* 
where it is necessary to continue the slope of the inner track past the 
outer in order to give it a proper superelevation. This puts the two 
tracks in the ^ame plane. This raising of the floor at the outer track 
must be worked out beyond the ends of ihe curve either in the floor timbers 
or the floor f^stem. 

The drainage can be disposed of by letting the wator escape Under the 
jniard-raiLs or through the curbs at the sides of the roadway, or the curb 
eau be made solid and the water taken ofT by drains coiuiected t<.) openings 
in the floor. With the fornier method, care should be taken to see that 
the w^ater does not dri]) on the ste«'lwork. Where the latter method is 
employed, the drains >lHHild be of ample <';ipacity to handle the water.. 
The ordinary gratings used over openings ui the floor are not satisfactory, 
as they choke up quickly, and as the usual care given to a bridge floor is 
not sufficient to keep them open. Basins with both rondway and curb 
inlets are very efficient, especially where they are properly designed. The 
openings should be large, and the basin should be arranged so that it will 
not retain ^ny trash. In certain locations the water can be wa.sted 
under the structure; in others it is necessary to carry it off in drains to 
some convenient place. The drain pipes must be <^ sufficient capacily 
to remove the water quickly; and they should be firmly attached to the 
structure. 

On bridges with level grades it is advisable to dram the rail grooves. 

One and one-<|uarter (1}^ kich WTOUght-ut)n pip( s spaced about sixly 
(GO) feet centres will take care of this dr»nage i)roperly. The upper end 
of each pipe should be fitted with a flange to hold it in position; and the 
bottom should extend below the atijacent steelwork so that the water 
will not drij) Ujion the metal. 

The curb should be of such a height as to confine tlie water properly 
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and to give proteetioii to ibe sidewalk. A tax (6) inch curb is geneial^ 
high enough, and in no case should the height exceed ten (10) inches. 
This should take care of any condition l^t may arise. Where the curb 

heights are large, excessive shimming for the sidewalk stringers may be 
necessar^^ It is advisable to protect the curbs against wear, especially 
on steep grades where there is a great tendency to brake the wagon wheels 
against them. Timl)er curbs and guards are best protected by steel 
angles attached to the upper inside corners. They should be fasten.^1 
with No. 30 wood screws in countersunk slotted holes spaced alx)ut eigh- 
teen (18) inches from centre to centre. Anp;les can likewise be attached 
to concrete curbs, although there are certain curb bars on the market 
that are very good. 

The grades on a structure should be given careful consideration in view 
of the traffic that is to crOss it. Grades of two (2) and three (3) per cent 
are satisfactory for practically all classes of traffic. However, when the 
hitter is ejcceeded, the grade becomes for heavy traffic. Grades 

up to five (5) and even she (6) per cent are sometimes unpoesible to avoid, 
and the former is generally satisfactory for ordinary traffic. WiUi the 
more general use of motor-tnicks these steep grades can also handle the 
heavy traffic; but as long as the horse-drawn dray is hi existenoe, there 
will always be a decided objection to them. Where a ratiiw sharp carve 
is encountered on a steep grade, the inside of the roadway should be ^ven 
the same degree of inclination as is usetl on the tangent, especially where a 
limiting grade has been established. In no ciuse should any part of tlie 
roadway have a heavier grade than the traffic warrants. In fact, on 
curves in highway structures, it is even advisable to reduce the limit 
set for straight roadways jis is done in railroad work. 

Where a chan^;f^ in grade occurs on the structure, it is necessary to 
ease the break by means of a vertical curve. The parabola is generally 
used for this; and it can be worked out in one or two panels on each side 
of the break. A curv(^ fifty (50) feet long will ordinarily be sufficient. 

At the free ends of the spans it is necessary to break tiie SLoar and 
to use caq^nnsion plates so as to provide a continuous roadway over the 
openings* These covers are best made of checkered or indented plates, 
usually riveted to base-plates. Sudi checkered and indented plates are 
not made in thicknesses greats than one^udf (H) hich; and for this 
reason it is necessary to use compound plates, except where a one-lialf 
(H) hioh plate will provide the requisite strength. Fig. 1^ shows^ de> 
tails of two types of expansion joints in roadways that have been used 
in the authcnr's practice, one of them bemg for timber decks, and the 
other for a pavement resting on a concrete slab. In structures on grade 
the top plate should be placed on the up-grade side of the joint in order 
to keep the water from liowing under the plate. At the ends of draw- 
spans the floor cover-plates have to be lifted by a mechanical device in 
order to 3wmg the span. Tim cm be arranged as to be operated by 
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the BBine meehanism that actuates the end wedges and the ^ bars for 
the rails. 

The actual designing of the floor system will not be taken up com- 
pletely hn this chapter, as that portion of the structure is made tip almost 
cutirely of beams and girders, the main points in their design beiug covered 
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fully in OuHiter XXI, "Plate Qixder and Rolled I-Beam Bridges.'* 
niere are, however, a number of special features that need consideration, 
whicb will be discussed in this connection. The loads as well as special 
rules eoveming the design are given in the specifications of Chapter 
LXXVUI. The details for lateral and sway bracing connections will 
be fomid in Chapter XX. 

Wherever it is possible to do so, the stringers should be placed below 
the top flanges of tlio Hoor-ljeams so asj to obviate coping th« r-uiii^<'rs. 
This can usually Ik' done in railway spans, but care must be taken t<) 
see that the rails will pa^s over the lloor-lH-aiiis. Then, too. suflicieiit 
space must be left below the sinu^ers for the laterals. In through high- 
way structureSf with timber floors supported on ties or on steel stringers 
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with nailiiig strips on top, the same detail can generally be miked out, i 
although with wide roadwasrs it may be neoessaiy to oope the oentie 
beams in the latter case or else use an excessive amount of shims. In i 

deck structures it will usually be found impossible to avoid coping most ' ^ 
of the stringers, as the floor must supjwrted on the girders or trusses. ^ 
Care must be taken to see that the floor-V^eams or cantilever-l)eams do 
not interfere with the floor at the curbs, where it is usually the lowest. 
Wh<"n> it can l)e done, the stringers sliould be placed nitin ly inflow the 
flange angl«'^ ^o that fillers will not i)e required on the cross ginli rs. It 
might even he <■( ouomical to cope the stringers so as to clear the vertical i 
legs of the flanges. The stringers are usually mad(* vertical, although in 
the construction shown in fig. I9e it was considered ai^lvisable to incline 
them, as otherwise a large number of small bevelled shims would have 
been required on the stringers under the cross beams. 

In through truss spans the end oonnection angles for the stringers should 
have outstanding legs not lees than six (6) inches wide, with, the rivets 
placed four and one half (4)^) inches from the backs, so as to provide 
for the stretch in the bottom chord of the trusses under live load. In 
the end panels, however, the connection angles against the end flooi^beams 
must have narrow outstanding legs if the end rivets take the moment 
from the stringer brackets. Where top strap-plates are used to connect 
the bracket to the stringer, the wide^legged angles can be used. Where 
the above moment is large, it is necessary to make the web and bottom 
flanges of the end stringers bear against the wel)s of the end floor-l)eams i 
in order to take the thrust from the stringer brackets at the bottom and 
thus increase the lever arm of the resisting moment; and in such a case 
the brackets should be detailed to deliver their thrusts at that point. 

The length of the su ingers must be accurate, and to secure this result 
the end connection angles are either fitted to the stringers in frames or 
milled after they have been riveted to the b(>ams. The former method 
is the usual practice followed by the shops. The thickmss of the end 
angles should not be less than three-eighths 0 of an inch for highway 
work and seven-sixteenths {%r>) of an inch for railway work where th^ 
are fitted to the stringers. Where they are milled, these thicknesses 
should be increased one-sbctcenth of an inch. The rivets in the end 
oonnection angles through the webs of the stringeito must be proportioned 
for the maximum end shear, while those through the cross-girder webs 
must be figured for the same load in shearing and for the greatest croas- 
prder' concentration in bearing. At expansion points in the floor system 
of long spans it is usually difflcult to drive rivets in the end connection ' 
angles in the field, so that it is advisable to provide driving-fit turned 
bolts at these places. 

The rivet spacinii in the webs of floor-beams should be arranged for ' 
multiple puiK'hiuji; a> i.u ;us it is ])ossil)le to do so. The fill(Ts under the 
stringer connections should be omitted, if the details can be thus worked 
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out satisfactorily. When tliin fillers — say l^/* or less in thickness — are 
n^^i, and there is an excess of rivets through the stringer comiection 
I angles, thov should 1m.' made.' uf the saim; width as tin- said coiuicctiou 
angles, and should l>e shop-riveted to the floor-beams with cDiiiitcrsuiik 
rivetr^ plac€^d in line with the stringer webs. When the fillers rciiuired are 
thick, or when there i> no excess of rivets in the stringer eunneetion. the 
said fillers should be made six {0) inches wider than the width of the con- 
DectioD an}i:les, in order to provid(> for a line of ahup rivets along each 
edge. ThiiE> detail should akM> be used when it is possible to put enough 




FiR. 19g. Fig. I9h, 

Expanmon Pockets for Stringers. 



rivets in the stringer connection angles to carry the end shear of one stringer 
but not enough in bearing on the floor-beam web to care for the floor- 
beam reaction. Where timber approaches connect to the main structure, 
shelf angles should be attached to the end floor-beams of the end spans 
in order to support the approach stringers; for otherwise it will be nec- 
essary to provide a special support for these on the end piers. Shelf 
angU'S should also \)v rivete<l to the tluur-l>eani.s under each stringer for 
supporting the latter tlurinn erection. Thc'-c angles should be of nmn- 
nmm s/>ptions; and rivets slionl(i be provided for the erection load only. 
No reliance should be placed on these rivets for transfemng the stringer 
load to the floor- beiim. 

At (expansion joints in the floor system, expansion pockets are required 
for the stringers. These are riveted to the cross girders; and they should 
be amply strong for transferring the stringer reactions to them, due ai- 
lowance being made for the bending moment on the groups of rivets. 
Figs, and I9k show typical expansion pockets used by the author. 
The detail shown in Fig. 19^ is adopted where there is ample depth below 
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the stringer to develop the podket; and the detail. illustrated in Fig. I9h 

is employed where this depth is limited. 

The end connection angles for the floor-beams should conform to the 
requirements previously given for stringers iis to thickness. In fixing the 
length of the outstanding legs it is necessary to consider the spacing of 
the rivets in the trusses and the numV>er thereof that can be driven. In 
riveted trusses the end detail of the intermediate floor- beams is compara- 
tively simple; but in pm-comiected trusses it is often difficult to obtain 
a satisfactory detail on account of cutting out the ginier to make room 
for the pin. Two conditions arise in the latter case — the one in which the 
end reaction can be taken care of in every respect in the depth of the 
girder above the cut, and the other in wiiich it is neoessaiy to transfer 
part of the said reaction to the truases above the top flange. Where only 
a few additional field rivets are required, the outstanding legs of the top 
flanges can be out back and the end connection angLes extended suffi- 
ciently to secure these extra rivets. The section of the connection angles 
must be sufficient, however, to transfer the stress carried by these rivets. 
Where a satisfactory detail cannot be worked out in this way it is neces- 
sary to foim a bracket by splicing the web and extending it above the 
top flange. In all cases, except where the eut is veiy shallow, rein- 
forcing plates are required to strengthen the web; and they aie frequently 
needed to develop tiie bottom flanges properly. 

Where it is not necessary to extend the connection above the top 
flange, the vertical section along the cut should be figured, as this is the 
weakest part. Its net moment of incTtia must be used, and the value of 
the plates and angles entering into it must be determined by th(» rivets 
available for developing their strength. The web reinforcing plates shouM 
b(» extruded "to such a point that the shear carriccl across this section 
can be traiusferred to the web. TImtc should be sufficient rivets between 
the end of either flange and the hrst stringer to transfer the entire flange 
str^ in this distance. If this requires a rivet pitch of less than two 
diameters, reinforcing plates extending over the web plates and the ver- 
tical legs of the flange angles are needed to relieve the horisontai section 
of the web next to the flangei which would othervsnse be overstressed in 
shear. Beyond these patch irfates the flange pitch shoukl not be less than ' 
two diameters. The same procedure should be followed in floor4)eam8 
with brackets extending above the top flange. In this case, however, 
the flange stress on the upper inclined fibre, as determined by the usual 
method, must be multiplied by the square of the secant <^ the an^e 
between the inclined edge and a normal to the section. Moreover, it is 
necessary to test the horisontai section of the bracket just above the to]) 
flange in a similar manner. The moment on this section is computed 
from the proportionate share of the end reaction canird l)y the rivets 
that arc located ab(n e the top flange of the girder. ( )r(liiiarily, it will 
be best to cut oif the outstanduig legs of the top flange angles iio aii to 
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permit the end connection aiiglos to }ye continuous; for cut tinpc the latter 
at this point would weaken the horizoutnl section just mentioned. Re- 
I inforcing plates are placed against the tiuor-heam wc^b l)(»twe<'n the flanges, 
' extending under the end connection angles; and they are usually carried 
back so as to act as splice plates for the web at the point where it is cut. 
Additional reinforcing plates can be placed over the flange angles, end 
oomkDCtion angles, and splice plates, if such reinforcing be needed. A 
very good detail can be obtained in such a case by cutting back the ver- 
tical legs as well as the horisontal legi of the top flange anises, and adopt- 
ing end an^es of the same thicknd» as the flange angles, unless this would 
give excessively thick end angles. The latter are to be placed directly 
against the web. Reinforcing plates of the same thickness as the end 
ani^ are then placed between the said flanges; and outer reinforcing 
plates are added, extending over the first plates and the legs of the flange 
angles and end connection angles. Occa^onally, in light work, it is pos- 
sible to cut back the top flange angles, place the end connection angles 
agairLst the floor-beam web, and not use eitli« r fillers Or reinforcing plates, 
provided the web is ample for resist iug both the bending moment and the 
shear at this i^jint. If the section of the floor-beam at the point where 
the splice is located is sufficient to resist the bending moment without 
the aid of the reinforcing plates, the splice can be designed in the same 
manner as for any onlinary girder in so far as the details on the side next 
the centre of the floor-beam are concerned. In testing the strength of 
various sections, special care should be taken to see that to no part is 
there assigned a stress greater than can be developi^d by the rivets ther^ 
on both sides oi the section. Sections for tilting should be taken parallel 
or normal to the direction of the external forces acting thereon, for the 
ordinary assumptions regarding the distribution of stresses over a Gross- 
section do not apply to inclined sections. 

In deck structures where cantilever-beams outside of the girders are 
used, the tops of the floor-beams and those of the said cantilever4[>eam8 
should be in the same plane and flush with the top cover plate of the 
main girder. This permits the strap plates to pass over the gu*ders. At 
other panel-pofaits it may be necessary to use flllers between the strap 
plates and the top of the girder. This detail necessitates cutting l^ack 
the flanges and the top corners of tin* webs of the cross-girders; and in 
s<j doing they should be trimmed in such a way that fillers will not be 
required agaiiLst the webs of the main girders. 

In through. plate-gird(?r spans the top flanges thereof have to be sup- 
ported laterally from the floor-beams. The best detail consists in splie- 
ing the web and extcmding the part next to the ginler alK>ve the to]) tlange 
in the fonn of a bracket. iStilTeners should be used at all panel-points, 
shop riveted to the girders; and the cross girders sljould be field riveted 
to their outstanding legs. The brackets need not alwaj^s extend quite 
ail the way to the top flange; but in any case they must be deep enoufl^ 
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to develop the end reaction. Preferably, thouph, iho^r brackets should 
extend clear up to the top flanpje. Tlie bracket plate sliould be testcni 
at a horizontal section just above the top flange for the ]iroportionate 
part of the load transferred by the rivets in the bracket. If this section 
figures weak, additional end connection angles should be provided on th> 
floor-beam proper opposite the stiffens angles. The flange angles on the 
side of the web against the stiffeners of the main girder must be cut back 
to clear them; but on Jthe other side they should extend the full length 
of the beams. Tliese details are illustrated in Fig. 2lx. 

Where cantilever beams are used, it is necessary to connect them to 
the floof^beams by step plates at the top; and thrust angles are required 
at the bottom, unless both bear against the same web plate as in ordi- 
nary girder construction, in which case the thrust angles are not needed. 
In through truss spans the tension straps must pass outside of the poets 
and be connected to the floor-beams and cantilever beams through hori- 
zontal connection plates; while in deck-girder spans they can he con- 
nected directly to the top flanges of the cro.s.s i)eanis. This can also be 
done sometimes in the end cantilever beams of through truss spans, and 
in deck truss spans, if the tops of the cross girders and cantilevers are 
placed at the same elevations as the tops of the upper chords. Should 
the total thickness of such strap plates equal or exceed three-quarters 
(^4) of an inch, it will be economical to use two or more i)lates. The 
top plate should engage enough rivets at en eh end to develop it properly, 
and each succeeding plate should exteml far enough beyond the one 
above it to develop it fully. In truss and through-platc-girder oonstnio- 
tion it will frequently be nec(»ssar>^ to slot gusset i)lates or girder webs 
to provide for the passage of the tension straps. The arrangement of 
the thrust angles is likely to vaiy greatly; and in the case of end floor- 
beams it may be necessiEury to make the shoe take care of the thrust from 
the bottom flange of the cantilever beam. Where this is done, it will 
be well to have the holes in one end of the tension straps drilled in the 
field, or at least sub-punched in the shop and then reamed in the field; 
for it is practically impossible to secure a satisfactory matching of parts 
at such a point in any other way. In some cases field drilling will Ix? 
advisable for the bottom flanges also. In Kip. 19/ are shown details 
of the tension straps antl thrust angles for a through truss span; and 
Fig. gives similar details for a deck-girder span. Details of thru.st angles 
to 1m' u>('<\ at the colunnis of a drck-ginhT viaduct are indicated in Fig. 2.3r, 
The (}" X 4" X •'^4" angles rioted in this drawing are to be put in place 
after the longitudinal girder has been erected; and they are ground to 
fit the diaphragm angles of the colunm and the end connection angles 
of the girder. The ^i" plate is used at expansion pomts only, and is 
ground to fit the diaphragm angles of the column. In all cases where 
thrust angles are employed, they must b<> j^round to a tight fit. 

The section of the tension flange of the cantilever should be figured 
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at the eaod (rf the strap plate; and the bottom flange sliould be mudc of 
the same or an equivaleat section, end reinlorcmg plates being added 
when rrquired. The flanges should ordinarily ooDsist of two angles, with 
reinforcing plates m the bottom flanges H needed. Unequal-legged 
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Fig. 19i. Strap Plates and Thrust Aagles for Caatilever Beams of Truss SpoDi. 

angles, with tho lonprr Iors outstanding, can be used to advantage, as 
the width of the flange, and, consequently, the allowable unit compres* 
sive strcasi are increased thereby. As the top and the bottom flanges are 
nearly always different in detail^ the use of the same sections for the 
two Is not so unportant as in the case of girders with parallel flanges; 
but usually they should be made the same. For a long cantilever beam 
a considerable amount of metal is wasted when a single section of angle 
Is used throughout each flange, so that it is frequently advisable to adopt 
two or more sections, proper^ sfdiced to each other. This should rardy 
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be dono on any but large cantilevers, as it increases the cost of the shop- 
work. The bottom flange should generally be braced by bracketfl to one 
or more Unes of stringers. A detail simiiar to that shown <m the fiiced 
strmger in Fig. 19ii will serve for this puipoBe. Such bracmg is diseussed 



further in Chapter XX. The end coimection anises should conform 
to the reqmrements for those of stringers. Details for these are shown 
in Figs. 19t and l^j. In cantilever beams it is necessary to miU the bot- 
tom flange with the end connection angles in order to secure good bear- 
ing. The same is also true of the bottom flanges of the floof^beams 
where they are of the same depth as the cantilevers. Hie detaik at the 
outer ends should be such that proper connections can be made for the 
handrails, trolley poles, and lamp posts. While the cantilevers are umi- 
ally built with solid webs, they are sometimes made of opeh angle con- 
struction, espc(nally where they are short and curry light loads. Fig. 
19e iiidicattrs details for such a cantilever. 

The handrails for bridges should be desired for th(' s*Tvice which 
they urti expected to render. Wlicro then' is litth' Hkclihood of their 
bpinp expo^^rd to unusnnl lofids, ritli<T trans versi'ly or vertically, a light 
railing can \m employed. kSuch condit ioiLs are generally found on small, 
isolated, hipjhway bridges where the trafFu* is infrequent and light. How- 
ever, should the bridge be used by herds of cattle and the lik(\ substan- 
tial railings must be pnnidpd. Moreover, on dty or other bridges where 
people are likely to collect in large numbers, well designed handrails 
must be adopted. Not only is it necessary to connect the railing posts 
themselves firmly to the superstructure, but the railings must be properly 
attached to the posts. 

Various types and heights of handrails are emptojred. Where th^ 
serve as a protection for animals, they should be from A' to 5' 6" in 
height; where used for pedestrian traffic only, along sidewalks, a height 
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Fig. strap Pktes for Gintilever Besint of Oiider Spans. 
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of 3' or A' (y iB sufficient. Higher railinga In such places are objec? 
tionahle, as itaesy produce the effect of a fence to too great an extent. 

Sidewalk railings should be so designed that the openings are not over 
.';ix (G) inclKJs in any dimension, in order to prevent children and small 
animals from falling through. 

For iiglit highway bridges timl>er railings are sonu times emjiloycd. 
Their construction is fully covered in Chapter LXX\ III. \Miere steel 
handrails are used, tliey may Ije of either the gas-pipe or latticed type. 
In both cases they are attached directly to the trusjs members. In the 
former, three lineB of railing are sufficient. Two (2) -inch pipe is used 




Fig. 19fc. Lattice^type Handrail. 

in the top railing and one and one-half (IJ^) -inch in the lower lines. The 
lattice railing is ge nerally made nbout thirty (30) inches deep with one 
2" X 2" X l\" angle at the top and l)ottom. CfHniected by 1^" X 3/16" 
bars riveted together where tliey cross each other. 

Gas-pipe railings are seldom employed on city bridges except for t lie 
roadways; and in such cases not less than four lines of pipe should be 
uaed, the top line being of three (3) -inch dianx ter and the lower lines 
of two (2) or two and one-half (23/^) -inch pipe. Where posts are required, 
they are usually of three (3) -inch gas>pipe, cast iron, or structural shapes 
— fveferaUy small I-beams. The boles in the posts for the railings should 
have sufficient- clearance to permit easy erection, after which the pipes 
should be wedged tight. Sleeve expansion joints are necessary to take 
care of temperature changes between the fixed points. 

Struetuial handrails are generally used for city bridges, as they lend 
themselves better to asthetic treatment. Many types of railing have 
been standardized; and their design can ho. found in any of the catalogues 
of manufacturers of li;iii(irails. The author has employed the railing 
shnwn in 11^. \{)k very extensively. Its appearance is neat, aUhough 
somcwiiat severe, and it is easily fabricated by luiy shop at a moderate 
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cost. Where maa^ is available for omameatatioiiy more elaborate rail- 
ingB can be designed. Another nuling that Is mexpensiire and at the 
same time neat and substantial is shown in Fig. 19(. With the structural 
handrails, structural or cast iron posts are employed. For the raiiiug 




Fig. Iff. Bar-type Handnul. 

shown In Fig. I9k double angles with the wide legs turned out are gen- 
erally used without braces; for that shown in Fig. 19^ cast iron or I-beam 
posts give the most satisfactory details. 

In aU handrails, proper provision must be made for aligning them m 
the field both vertically and horisontally, and this should be done in as 
simple a manner as practicable. Moreover, field drilling should be HMhicrd 
to the least amount possible or eliminated altogether, as siuli wurk is 
very expensive. It Ls fur thi.s rciuiun that a simple cnnnectiun should 
be dtjftigned, if possnblo. Shims are a nuisanoe in erecting the handrails^ 
but thpy can scldoin he avoided. 

With electric cars crossing a structure trolley poles are needed, except 
where the tracks are between the trusses in tlirough bridges, in which 
case the trolley wires are connected to the sway frames*. Lamp posts arc 
also required in case the structure is lighted, except where brackets can 
be supported from the trusses in through bridges. Even on through 
stnictures it ia sometimes advisable to use lamp posts along the outside 
of the roadwajrs which are cantilevered out from the trusses. Both the 
lamp posts and the trolley poles may be placed in line with the hand- 
railing or independently along the curbs or some other convenient posi- 
tion. In some eases the trolley poles and lamp poets have been com* 
bined into one, but this is not very satisfactory on account of the vibration . 
ol the. former. Moreover, the separate poles give a much better i^pear- 
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aaoe to tlie structim, especially if there is a walkway on each side of the 
roadway, and if the lamp posts can be placed at the curbs aiid the tioU^ 
poles m tiie handrails, or viee vena. 

The ordinary gas-pipe troUey pole made up of two or three sections. 




held odjusfimnt ^^ct/ONC-C 

Fig. 19m. Trolley Pole. Fig. 19n. Lamp PosL 
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the larger ones swedged to hold the amaller ones at the joints, is generally 
the best kind to use where the poles are isolated from the handrails. It 
is supported by a bracket riveted to the steelwork and held in line by 
a colltf attached some distance above it A modifioation of this type of 
pole, designed for use with the handrailing illustrated in Fig. 1% is shown 
in lig. 19m. A structural trolley pole built up of angles and plates can 
be used with handrails, although care must be taken to support it prop- 
erly so that it will not have a tenden<7 to distort. Cast iron should not 
be employed for trolley poles, unless the stresses therdn are very low. 
They can be used with tension rods on the inside near the outer face. 
The details for this, however, are not very satisfactory. 

Lamp jxj.sl^ are generally made of cast iron of some neat design. Fig. 
19/1 shows the lamp post used in connection \v\ih the handrailing illus- 
trated in Fig. 191. The lower portion of this ]x^st is identical with that 
of the post at the cantiU^vcr bracket shown in the last mentioned figure. 

Where a railway crosses a structure on the same level as the road- 
ways, timber screens should be provided between the part of the struc- 
ture occupied by the tracks and that devoted to the vehicular traffic. 
When this is not done, horses are more than likely to be frightened by 
the approaching trains, thus causing serious accidents. Latticed .screens 
are best, as they offer the least resistance to the wind. They should \yc 
so arranged, however, that animals can not see through them, and should 
be high enough so that they cannot look over them 
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LATERALS AND BWAY BBACINO 

The laterals of a bridge have to perfonn three important functiooSi 

each of which is vital to the life of the structure. 

First. They take care of transverse loads, such as those due to wind 
or centrifugal forces. 

Second. They hold the compression members in line. 

Third. They stiff on the structure against the vibrations caused by 
rapidly-moving live loads; or m other words, they make it rigid. 

The need of bracing for actual traiLsverse loads is apparent, and some 
provision therefor has nearly always Ix'en made in bridge construction, 
at least so far as the main sections of the laterals arc oonoemed. The 
requirement that all compression members be held in line properly is also 
evident, although its importance was not fully appreciated in earlier 
bridge design, and many pony trusses were constructed with inadequately 
supported top chords. The fact that bridges should be rigid was not 
iqipreciated for many years, and as a result many Uc^t, vifamtory stroo- 
tures were built. It was found, however, that these structures, while 
perfectly safe at first, soon racked to pieces, and had to be r^pkiaced long 
before thdr useful life should have ended; and today, no bridge can 
be considered truly fint-dass, unless proper rigidity in all its parts has 
been provided. 

The stresses in any pven sj'stem of laterals from actual or assumed 
transverse loads can be readily coin})uted. The stress coefHcient^s given 
in Table lO/i will l>e found useful in niiikiiig such calculations. Wind 
and traction loads are discussed in Chai)t('r IX, and ceiiliifugal forces 
in Chapter VIII. For short span bridges, however, it will Ik* found that 
the sections required for the \\\m\ loads are less liian those which due 
regard for rigidity will jK^rmit, and in such structures the design of the 
laterals is largely a matter of judgment. The specifications of Chapter 
IjXXVIII have been sr) ^^Titten as to compel, as far as possible, the use 
of proper sections for such lateral members. For railway bridges, a heav>' 
"vibration load" has been adopted with this purpose ud view. All wind 
loads are treated as moving loads, so as to give greater stresses near the 
oentre of a span than would be found if th^ were assumed as static over 
the entire structure. Furthermore, it is specified that, for important hi|^- 
way bridges and all railway bridges, the members of the lateral systems 
must be capable of resisting compression as well as tension; and this 
requirement will bar out adjustable rods and light, flimsy angle-members. 
It is further provided that aU detailing must be done in such a manner 
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as to develop the full stxength of the members' rather than the figured 
Btraseee; and a strcmgy rigid lateral (^yetem is thereby assured. 

The requirement above maitkmed, that the members of the lateral 
system shaJl be capable of reaistiiig oompression as well as teosloiit is 
inEduable m that it ensures rigidity, as well as the use of proper sections 
for strength. When such stiff members are riveted up, the resulting 
sj^Btem is certain to be rigid. When riveted members are designed for 
tension only, the system will l)o rigid only in ca^c thiit proper aniouius 
of draw an' provided, and that jmrticular care is given to both the shop 
and the field inspec tion, so as to make certain that all members will be 
under ample initial tensiun. U here the stresses are large enough to en- 
sure fairly large sections, the ])r;i( ti('e is not so very objectionable; but 
generally truly stiff memV>ers should be uised^ eepeciaiiy as their adoption 
rarely calls for much additional metal. 

In cheap highway bridges the eix^>loyment of adjustable rods is per- 
missible; and if they are properly connected to other members^ and are 
kept tightened, they will serve fairly well for such structures. 

It should be noted here that with certain types of solid floors the 
omissioa of part or all of the lateral braoing is allowable. Where steel 
trough construction is employed for the floor of a span, all lateral bracing 
in the plane of the floor should be omitted Where concrete slabs are 
used, bracing in tiie plane of the top flanges of the stringers can usually 
be left out; and frequently this is permissible for solid timber floors as 
welL However, under sudi circumstances it is rarely advisable to omit 
the lateral bracing between the main Orders or trusses, as it will serve 
to line up the structure during erection. Further, the bridge is likely 
to stand for some time before the concrete or timber floor is placed; and 
it nia\ vxvii have to carry trafhc. However, there is no objection to u^^ing 
minimum sections throtighout for siich members. 

The centri' lines of all numbers of a lateral system (including the 
chords of tlie main tru>srs when they form the chords of the lateral 
system) should meet at a common point at each intersection, imless 
the effect of an}' resulting eccentricity Im* eonsitU'red and dulj' cared 
for. The apiilication of the above rule will frequently cause the con- 
nection-plates to be excessively large; and if the 8tre»scs in the lat- 
erals are small in proportion to the stresses in the chords, an eccentric 
connection is frequently allowable. Where the two leaves of the chord 
member are well laced together, or have a cover^late or longitudinal 
diaphragm, it will be proper to assume that any bending moment coming 
from the laterals meeting eccentrically at any panel-^int affects the 
chord member at that panel-point only, this moment bdng divided be- 
tween the two chord sections meeting at the point in direct proportion 
to thdr moments of inertia, and in inverse proportion to their lengths. 
This action will, of course, put transverse shears on the ladng of the said 
chord mcmbor^. In case the two leaves of the chord are joined by tie- 
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platos only, there will be a tendency for any stress applied eccentrically 
It) remain so throughout the entire length of the chord, as the above- 
mentioned transverse shears are not well provided for; hence with chord 
mfimbers of this type an eccentric interaectiou of the lateniis shoiiki usually 
be avoided. 

Tlie make-up of the seotioiiB ol lateral members de^peods on the char- 
aeter of the structure, <m the stresses they have to cany, on their lengths, 
and on the connections which are required to suit the main members 
which they brace. For Hg^t highway Inidges, adjustable rods an per- 
misaMe. For all other structures, stiff rlyeted members are reqmred. 
Where the members are short and the stresses small, as in stringer brac- 
ing, single angles are frequently adopted. For girder span^, and for 
ordina.r>' truss spans where the laterals can be supported at intermediate 
points, as from the stringers, two angles placed back to back will usu- 
ally be found to give a sufficiently large radius of g^'ration, and to care 
amply for the stresses which come upon them. Where the radii of gj nv- 
tion required in the two directions are about ecjual, it is generally best 
to em])loy unequal-legged angles, with the longer legs togetlu r; although 
two ( (iual-legged angles will often serve very well. Tf a greater nuiius 
of gyration is necessary' in one direction, it can be ol)tained in three ways. 
Let us say that the radius of gyration in a vertical direction (about a 
boriaontal axis) is to be the greater. We may then use: two unequal- 
legged angles having a large difference in the lengths of the two legs, such 
as seven inches by three and one-half inches {7" X 3} 2") or five inches 
by three inches (6'' X 3'0» with the long legs placed vertically and riv- 
eted together; two equal-legged angles, with the horisontal legp riveted 
together; or two unequal-legged angles, with the diorter legs horisontal 
and riveted together. The first two methods will make the radius of 
g> ration in a vertical direction about one and one-half times that hori- 
sontally, while the third method will make it fnm two to four times the 
other. The two angles are, preferably, placed with thdr backs m con- 
tact ; but if this arrangement fails to give a large enough radius of g>Ta- 
tion, they may be s^'parated by washers. It should ]>e noted that one 
is not usually free to choose whether the horizontal ur the vertical legs 
will be iu contact, as the details of the connections or the proper appear- 
ance of the completed structure will generally settle this puint. 

In case the stress4\s are larger than the two-angle section will care for 
without the use of unduly tliick angles, a plate may be riveted to them 
to increase the sectional area. 

For sections composed of one or two angles, or of two angles and a 
plate, the proper reduction m efficiency should be made, as specified in 
Chapter LXXVIII and exf^ained in Chapter XVI. 

When it is impoesibie to secure a sufficiently great value of the radius 
of gyration by the use of a two-angle section without undue waste of 
metal, or when it is preferable to grip both the top and the bottom faces 
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of a chord, an I-strut composed of four angles with a line of lacing is gen- 
erally preferred. For unimportant members, a channel-shaix^d stmt com- 
posed of two angles and a lin(» of lacing is frequently allowal)le. Ordina- 
rily it will be found best to use unecjual-h^pged aiip;l(^s, with the longer legs 
turned out so as to get thf^ p;reatest possible radius of gy ration. In case 
the members are excessively long, it is sometimes necessary to adopt a 
box strut laced on the four sides, and having at each comer an equal- 
kgged angle with its legs turned inward. The four lines ol lacing 
quired make this latter t>'pe a rather expensive stmt, however. 

It will frequently be found possible to effect a saving by supporting a 
long strut at its mid-point by means of a diort strut carried to an adjacent 
intersection point of the bracing, as the reduced value of the radius of 
gsrration permitted thereby will allow the adoption of a materially smaller 
section. The possible ecQnomy to be effected by this device should always 
be conadered. In detailing the laterals beneath a floor, a saving can 
frequently be made by supporting them from the stringers. 

It is the common practice to use lateral bracing with two systems of 
cancellation. This custom began in the earlier period of bridge ljuiiding, 
when lateral diagonals were nearly always tension members, and the two 
systems were necessary. With the use of rigid members throughout in 
the laterals, the double system is not recjuircd; })ut its employment is 
generally ad^^sable, because of the unsymmetricai appearance of the single 
system, ami, when the main trusses are far apart, l>ec!uise diagonals of a 
single system would be very long and the necessar>' radius of gyration 
hard to secure. For single-track, deck bridges, however, the single-inter- 
section bracing is frequently used; and it effects a material saving, par- 
ticularly in plate-girder spans. The relative economy of the two types 
should be considered wherever the appearanoe of the single system is 
not objectionable. 

Where all the diagonals oC a lateral system are tension members, it is 
necessary, of course, that each diagonal in any panel be able to cany the 
entire shear in that panel. Where a single system of struts is used, each 
member must be able to carry the entire shear in dther tension or oom- 
presaon; and where a double system cf struts is employed, each member 
should be able to carry one-half of the entire shear In either tension or 
compres.sion. 

A comparatively new syst/cm of trussin^j, known as the Iv-truss, which 
is being used in the main trusses of the new Quebec Bridge, hjxs been ap- 
plied to a limit(Hl extent to lateral systems. It can be employed only 
where the p:in«'l Icnccth is eonsi<lerably less than the distance from centre 
to centre ot trusses, vuider which condition double intersoetion systems 
with each diagonal extending over two panels of the floor system have 
generally been adopttnl. The two typc^s have the same stresses in the 
diagonals, and n^piire th(> mmc sections, and tlu> diagonals are of equal 
length; and as the weights of the details are about the same, there is little 
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to choose between the two systems. Messrs. Boiler, Hodge, and liaird 
have used the system to some extent in the end panels of some of their 
j bridges, making the diagonals meet at the centre of the end fl<M)r-l>eain, 
thereby avoiding the necessity of connecting a lateral meml)er at the 
shoe, which is always a very troublesome detail to design properly. 

It has l>een the general practice among bridge shops to put "draw" 
into the diagonals of double-intersect ion biacing; that is, the members 
have been shortoned slightly, in order to ensure that they shall be mider 
I tension when the structure is completed. The American Bridge Com- 
' pany's piactioe is to use no draw for members under ten (10) feet in 
length, one-floteenth (/^e) of an inch for members from ten (10) feet 
to twenty'Kxne (21) feet long, one-eighth (Vi) of an inch for members 
from twenty-cme (21) feet to thirty-^ve feet (35) m length, and three- 
sixteenths (/le) ^ An ini^ for membnn over thirty-five (35) feet long. 
This procedure should be followed for diagonals which are in tension 
only, and for the members of any lateral system whidi braces compres- 
sion-chords or columns; but for other stiff bracing no draw need be provided. 

The laterals bracing the loaded chords of ste^am railway and electric 
railway bridges an^ usually called upon to transfer traction loads from 
the stringers to the main girders or trusses, and for this purjiose certain 
additional meml>ers are re([uired. Tlie details used for structures of va- 
rious types are discussed later in the chapter. For stresses due to a com- 
bination of w'ind and traction loads, or of wind, centrifugal, and traction 
loads, an increase in the unit stresses of thirty (30) per cent over those 
regularly specified is permissible; but for combined centrifugal and trac- 
tion loads no inerease in the unit stresses is allowable. In case there is 
a steel trough or concrete floor which can be depended upon to transfer 
the traction loading to the trusses in an effective manner, no provision 
lor H need be made in the lateral system. electric railway bridges 
a solid tnnber floor is sometimes relied upon to perform this function, 
but the practice is not to be recommended, as there is usually no effec- 
tive oonnectkm between tiie flooring and the girders or trusses; and fur- 
thermore, the timber floor is likely to become more or less loose and 
flexible. 

The remainder of this chapter will be devoted to a detailed treatment 
of the laterals and sway bracuig of various types of structures. 

Railway I Beam Bbidoes 

The only real functions to be perfornu tl by the bracing in these bridges 
are those of holding the compression-Hanges of the beams in line, and 
making the structure rigid. The sections and the connections are gener- 
ally detennined by judgment, as tht^ lif^ht^'st details consistent with g(K)(l 
practice will sufliee to carry tlic hgured stresses, excepting only for brid^ies 
on very sharp curves. However, the stress in the end diagonal should 

Digitized by Googlc 



m 



Chaptbb XX 



Senerally be figured. For bridges on tangeDt the vibfation load should 
be adopted, and for bridges on curves dther the* yibmtion load or the 

combinod wind and centrifugal load — ^usually the latter. At first thought 
it wcjuiii upi>(*ar that a tliirty (30) per cent increase in unit stresses should 
be allowed for combined wind and centrifugal loads: but jus the total 
load in this case is generally due more to the Uve load than to the vnud, 
no increase should be made, espi'cially since the vi))ration load i.s not 
assumed to act simultaneously with tlie centrifugal load. The specifica- 
tions of Chajiter LXXVIII designate in detail the bracing that will 1k' 
required in spans with various t>i>es of floors, and in Figs. 2lt and 2lu 
are shown complete details for two railway I-beam spans with timl)er 
deck, the one m Fig. 2lu having two beams per rail, while that in Fig. 
2U has one beam per rail. The diagonals are attached to the webs of 
the beams rather than to the top flanges, in order to avoid interference 
with the ties. When I-beams of greater depth than twenty-four (24) 
inches are used, the end sway frames and the intermediate diaphragms 
^uld be made of plates and angles mstead of ehannela 

HioHWAT I-Beam Bbidoiib 

The specifications of Chapter LXXVIII cover the bracing of this type 
of span completely. 

Railway Deck-Plate Gibdeb Spans 

The bracing for this typi' of structure is quite simi)!*'. consisting usu- 
ally of an upper lateral sysUrii of diagonal angles attaclu'd to the to]) 
flanges of the girders, a rigid sway frame at each end of the span, similar 
intermediate frames spaced not to exceed twelve (12) times the width of 
the top flange, and, for all spans seventy (70) feet or more in length, a 
bottom lateral system simil-ir to the upper one. All members of this 
bracing are rigid struts. The top laterals are unnecessary for bridges 
having sted trough floors, as was previously explained. Most railway 
deck plate>gurders have open timber decks, however, and for these the 
top lateral i^ystems are needed. End sway frames are required in prac- 
tical^r all cases, as the ends of the girders are rarely concreted solidly into 
the Abutments; and intermediate sway frames are to be used for spans 
over thirty (30) feet in length. 

The top lateral system is to be designed for the same loads as the 
laterals of a railway I-beam bridge. It consists of rigid diagonal members 
riveted to the top (iau^f. u-u;il!\ forniiiig a \\ arrcn or triangular ginler. 
wliicli may or may not have a cross-strut at each panel-jHiint. For short 
spans single angles (generally 33 2" X 3' /' or 4" X 4") will suffice; but 
for longer si)aiis ('.'ich member should consist of two angles. For memlxTS 
of the latter ty|>e the angles should have unequal legs, the longer ones 
being vertical and riveted together. They may be separated by washersi 
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if desired, in order to increase the radius of g^Tatiou about a vertical 
axis. The srctions must Im' sufficient for the stresses which they take, 
the reduced efficiency of the angles being iluly considered; and tlie lenjrth 
must not exceed one liundred and forty (140) times the least radius ol 
gjTation. In all cases the capacity of the meml>ers will be much less in 
compression than in tension. There must be enough rivi ts in each end 
of each member to transfer the Bireeses properly, but never less than three 
(3) rivets Icht siiigle-angle members or six (6) for two-angle members; 
and the oonnection-plates must be attached to the flanges by a sufficient 
number of rivets to transfer the longitudinal components of the stresses 
in the diagonals to the said flange When there are onfy two angles in 
the top flange, it is advisable to put a shim between the connection-plate 
and the flange ang^, of such thiokness that the dapped ties will clear 
the heads of the rivets connecting the diagonafe to the i^te. In girders 
having a four-angle top flange, the laterals should fasten to the inside 
angle of the lower pair, thus avoiding any int^erence with the ties. 
For girders on tangent the panel-lengths of the laterals should be such that 
the top flange will be stayed at p>oints not exceeding twelve (12) times 
its width, and it is generally economical to make them so siiort that the 
gross section of the required tension flange will be ample for the com- 
pression flange. Table 21/ gives, for bottom flanges of the various usual 
t \ pes, the approximate maximum ratios of the unsupported length of the 
top flange to its width satisfyino; thi> coiuiition. 

From this table it is evident tiiat where cover plates are used for the 
flanges, the panels of the top lateral system can \>e about thirteen (13) 
feet long (and frequently somewhat longer with little or no increase in 
the flange section), so that the members are* generally l)est arranged as a 
simple triangular truss; although for a wide spacing of girders the inser- 
tion of a crossHstrut at each panel-point may prove more economical. 
Where no cover plates are used, and where there are two holes out of 
each angle, the panel-lengths can be about twelve (12) feet long, so ihat 
the lateral system can be about the same as in the case of flanges with 
cover i^tes. Where no cover plates are employed and when there is 
only one hole out of each angle, the panel-lengths should be rather short, 
so that the adoption of a cross-strut at each panel-point of the bracing 
w nearly always more economical. It should be not^ that in any case 
the top struts of the int<Tine(liate sway frames will provide such cross- 
struts at ever>' second or third panel-point. 

The preceding discussion ai»plies only to girders on tangent. For 
girders on curves, it is spt^cified that the unsupported length of top flange 
shall not cxcef «1 six (G) times its width. This provision is m;id( so that 
the horizontal bending on the flange may be reduced to su( h a small 
amount that it may be neglected. Under these conditions it will nearly 
always be advns;d)le to adopt the simple triangular tniss with interme- 
diate c r oes- e truta at each puiel-point iw the upper lateral ^stem. 



Digitized by Google 



304 BBOKn vmanasansQ Cn^nm xx 

The bottom lateral system, whon omployed, is to be d<wignflH for 
the vibiation load. The panel lengths should be the aame as for 
the top laterals, in order that the detailing of the two qrstems and 
of the two flange may be alike; but no cross-atruta will be needed 
in tiie lower flyatem. .The same make-up of members should be used, 
but minimum sections and- oonneotaons can nearly always be adopted 
throughout. 

The end bracing frame consists of a top strut, a bottom strut, and two 

stiff intersecting diagonals. It should be proportioned to withstand the 
effect of wind; and if the structure be on a curve, for the effect of the 
centrifugal force as well. The vibration luad is assumed not to affect it. 
The top strut consists of two angles for a two-angle toj^ flange, and of four 
angles in the form of an I with a vertical line of lacing for a four-angle 
top flange. For either type, fillers should be employed between the top 
flange angles and the wmiection plates, so that tho heads of the rivets 
in these plates may clear the dapixnl tie^. The bottom strut consists 
of two angles. Each diagonal consists of either one or two angles, as 
required by the stresses. The intermediate bracing frames are similar to 
the end frames in all respects. They have no figured stresses to cany, 
hence all members should be minimiun sections. In figs. 2l9 and 21w 
are shown tyiucal details for bracing frames for both two^ani^ and four> 
angle top flanges. 

Double-track, deck, plate-girder bridges usually consist of two aln|^ 
track spans side by side. For spans over sixty^^ve (05) feet long a top 
lateral system should also be put between the two inner girders, as that 
permits the girder spacmg to be made sue (6) feet six (6) inches faistead 
of one-tenth of the span, thus saving in ties and avoiding the spreading 
of tracks. It is satisfactory to put end bracing frames between the inner 
girders; but intermediate frames should nut be used, as they wiU over- 
stress the Outer girder when only one track is loiuled. 

In Fig. 21 y are given the complete details of the bracing of a single- 
track-railway, deck, plate-girder span with the top flange made up of 
two angles and rover i)lates; and in Fig. 21ty are shown typical details 
of the bracing for a span having the four-angle type of top flange. 

Railway, Thbovgh, Flatb-Qibdvb Spans 

Hie main lateral bradng of this kind of structure is at or near the 
plane of the bottom flanges, and is supplied by a rigid eystem of diagonal 
angles, or by the floor. When stringers are used, their top flanges must 
be securely held in fine. The top or compressiiHi flange of the main 
girder must also be stayed in an effective manner. 

The bottom lateral system is to be designed for the same loads :is the 
latrnds of a railway I-beam span. It is usually of double canccllatitjii, 
the floor-beams serving as the struts of the system. The diagouaib gen- 
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crally consist of two angles with the vertical legs rivet<Ml to^^i ther. They 
may be placed back to back, or spread by washers in order to increai>e 
the radiiis of gyration about a vertical axis. 'Vhvy should be rivettxl to 
the stringers where tiiey cross them, m oriler to reduce the ratio of un- 
supported length to radius of g>Tation about a horizontal axis. When four 
fines of stringefs are adopted, the diagonals should be attached to the 
outer stringers only, since connecting them to the inner stringers would 
take extra holes out of the flanges thereof at a point close to the centre 
of the panely thus wastmg metal ui the section. For ordinary ^lans on 
tangent the I over r requirement, ratha than the stresses, will usually 
detennine the section needed. At least three rivets should be employed 
in the eod connection of each angle, and the minimum detaU will usually 
suffice to cany the stresses, unless the structure be on a curve. Fig. 
21 X shows typical details for the bottom lateral system of an 85' 9^' 
railway, through, plate-girder span, designed for the Iowa Central 
ilailway. 

The stringer bracing is figured for the vibration load for structures 
on tangent, and for eith(T the vibration load or combined wind antl cen- 
trifugal loads for bridges on curves. It is not required when a soHd con- 
crete floor which grips the top flanges of the stringers ctTectively is used. 
When a timber deck is employed, the bracing is needed. In general, 
it will be of the same type as that used for I-*beam spans, as there will 
osoally be four lines of I-beam stringers per track. Where the panels 
are long^ and two lines of built stringers are employed, the bracing should 
be of the type later described for through truss spans. When the panel 
lengths are veiy short, not exceeding twenty-four times the flange width, 
a angle bracing-point at mid-panel will suffice for I-beams. In this case 
tliere should be used diaphragms between the webs of each pair of stringers 
under one rail, attached to the centre lateral oomnedaon plate. Fig. 
21x shows a detail of this type of construction. 

The bracing ^f the top flange of a through girder is none too satis- 
fsLctory, and it should be made as efficient as possible. Where floor-beams 
are used, the webs thereof shoukl be cut near tlie ends, and full-depth 
bmeket-plates spliced in, riveting to full depth-stiffeners on the girders. 
Thf se bracket plates should be as wide as the clearance will yx rmit. 
\Miere a steel trough-floor is adopted, similar brackets riveted to the 
troughs are recjuired. These should be as deep and stiff as practicable. 
Should the deck consist of long ties resting directly on the bottom flanges 
or on shelf angles riveted to the girders (which type is forbidden by the 
q)eeifications of Chapter LXXVIII), the brackets should be riveted to 
efficient cross-struts. In nearly all cases, it will be economical to make 
the spacing of these brackets so small that the gross section of the ten- 
sion flange will suffice for the compression flange. Fig. 2lx shows the 
details of a floor^beam for a through, plate-girder span, with end brackets 
as before described. 
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HiQHWAT AMD ElbctrioRailwat, Dbgk, Platb-Gisdbb Spaks 

WITHOUT FLOOBtBSAIIB AND StBDIOBBS 

This tyiH' of structure is rarely fouiui, except for bridges carrying 
eleetrio-railway traffie only. In this ease in all respects the bracing will 
Ix^ similar to that enii)k)ye(l in railway spans; but it can usually be made 
much lighter. Ff»r very light highway structures, the diagonals of the 
laterals and bracing frames may be made of adjustable rods. The lateral 
system will l)e designed for the wind loads; and where the structure 
carries an electric-iaiiway track on a- curve, it must be figured for the 
centrifugal load also. 

Highway and Elbctrio-Railwat, Deck, Platb-Gibdsr Spamb 
WITH Floob-Bbamb and Strinosrs 

These stnictures will vary greatly in type, and the laterals required 
will vary also. The main lateral bracing will generally consist of a double 
intersection system of rigid diagonals between the main girders, placed 
just hv\ow the stringers, or, preferably, at the elevation of the bottom of 
the floor-beams. It will geoerally be found advisable to support these 
diagonals, at or near the centre of each panel, from the stringers aboTO 
them. When there is no stringer along the centre line, a good support 
can be made by running a transverse channel between the two inner 
stringers at the centre of the panel, and suspending the centre lateral 
connection phite therefrom by a vertical hanger angle. For light struc- 
tures, adjustable rods or tension angles may be used for the diagonals. 

When a cantilever beam projects from tiie main girder, as is custoid- 
ary when the width of roadway is considerable, it will generally be nec- 
essary to brace the bottom Hange of the said cantilever so that the mi- 
supported length thereof shall not exceed twelve (12) times the width, or 
so as to avoid the use of an excessive section for the said flange. This 
is generally dune by bracing it to one of the strinirers by means of a bracket- 
plate riveted to tln' said stringer and to a siitVener on the cantilever. 
Both the stifTriiri and the bracket plat(^ must extend down to the bottom 
of the cantilever beam. The stringer is held in position longitudinally' 
by two rigid diagonal struts extending from the centre of the strings 
to the points where the cantilevers rivet to the longitudinal girders. These 
struts should usually be attached to a connecting angle riveted to the 
web of the stringer, and should lie in a horizontal plane, riveting at the 
other ends to plates which are fastened by hitch angles to the cantilevers 
and to the main girders. Usually these diagonals are required in one 
panel per span only; but the bracket-plates must be employed at every 
cantilever. Where there u a reinforced concrete slab restmg on the uip 
flanges of the stringers and main girders, the diagonal braces above de- 
scribed can usually be onutted. Where a solid timber deck is employed, 
however, it b not advisable to leave them out. 
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Diagonal hmoing aluiig the top flanges of stringers can ordinarily be 
omitted when >()li(l floors, cithfT of wood or concrete, arc u.scd. Where 
an open timbiT deck is emplojcd for street-railway tracks, such bracing 
will be needed. It should be similar to the top lateral system in railway 
plate-girders of short span. 

When deck girders rest on ma.sonrV', there ^vnll generally be required 
some kind of sway bracing at each end, as the bottom of the end croes- 
girder, if there be one, is almost always some di.stance above the bottom 
of the main girder. Tiiis can usually be provided by putting a solid- 
web bracket under each end of the end fioor-beami riveted thereto and 
to the end stiffeners of the girder. In long-epan ghrders it is generally 
best to brace the bottom flanges at each intermediate cross-girder as 
welL Diagonal ang^, riveted to the bottom flange of the floor-beam 
and to stiffeners on the girder, vill suffice for this latter purpose. 

Occasionally there will be no end floor-beam at one end of a iprder 
span resting directly on the masonr>', the stringers being carried by the 
end floor-beam of the adjacent span. In this case an efficient open-weblxnl 
l)racing-frame l)etween the two girders ul the span should be used, carried 
up a.s high as the stringers vAW permit. 

Generally no provision for traction forces will he required in the lat- 
eral system when solid floors are eiii])lo} cd. NMiere an open timber deck 
is used for an electric-railway track, tlirust frames to transfer the traction 
loads to the main girders or columns should be provided. They should 
consist of horizontal trusse s, u<ii;ill> ])laced at the plane of the bottom 
flanges of the stringers, with atioor-heum fonning one chord of tlie truss. 

The details of tlu' I tracing of steel columns and towers will be taken 
up in Chapter XXill under the discussion of trestles and approaches. 

Highway and Elbctric-Railwat, Thbough, Platb-Gibdsr Spans 

The bracing of s]>ans of this type will follow in all essential respects 
that tor railway through spans, except that the sections may be lighter, 
the use of tension angles or adjustable rods for the diagonals of the lat- 
eral system being i>ennissible in very light structures. I'nder no circum- 
stances, however, should the top flanges of the main girders be inefficiently 
braced* 

Railway, Thbouoh, Truss Spans 

The lateral bracing of tliis type of structure usually consists of the 
following : 

1. The string(T bracing. 

2. The bott(3m lateral system. 

3. The top lateral system. 

4. The intermediate vertical sway-bracing. 
.'). The portal bracing. 

The stringer bracing, when only two stringers per track are employed, 

ft 



Digitized by Google 



398 



BRIDGE ENQINEfiRINQ 



Chapter XX 



consists of a system of diagonal angles riveted to the top flanges of the 
stringers, with a bracing frame tit mid-panel between stringers of the 
same truck when the length exceeds thirty (30) feet. In case the stringiTS 
rest in expansion pockets, there should be a cross-frame near the ends 
between the stringers of the Siime track. The proportioning will follow 
in ( Very respect that for the top lateral sj'stem and the sway frames of 
deck plate-girder spans. Th(^ bracing will generally be arranged as a tri- 
angular truss with intermediate cross-struts, as it will usually be neces- 
sary to brace the top flanges about every six or seven feet. WTien two 
boles are taken out of each angle of the tension flange, the flanges will 
need stiffening about every twelve feet (f(jr 6" outstanding legi»); and 
in this cas(>, for structures on tangent, the intermediate cro6S-stnit8 can 
be omitted. In Fig. TSfJf will be found details of stringer bracing. 

When four I-beam stringers per track are adopted^ the braomg should 
be similar to that used for I-beam spans. If very short paneb are em- 
ployed, the details i^ven for through-girder spans are generally satis- 
factory. When four built stringers per track are used, and a point of 
transverse support for the top flange at the centre of tiie panel only is 
sufficient, the detail shown in Hg. 21x is best. When several points of 
support arc needed, a single intersection system of single diagonal 
angles should Ik; used l>etween the top flanges of the two inner stringers, 
and a transverse strut running o\ • r to the outer stringer should be em- 
ployed at each panel-point of the l)racing. 

Tln' i»()tt(ini lateral system is in the plane of the bottom chords. For 
bridges on tangent, it must be figured to carry either the xibration load 
or the wind load. For bridges on curves, it must care for either the vi- 
bration load or the coml)ined wind and ci iitrifugal loads. The diagonals 
wiU also have to be figured for the traction load, as explained later. The 
bracing system is nearly always of double cancellation, with the floor-beams 
forming the struts. Usually each diagonal extends over one panel of the 
truss; but when the panel-length is much less than the distance between 
the centres of trusses, a decided economy can be effected by making eadi 
diagonal extend over two paneb. The same result is sometimes obtained 
by employing the K-type of trussing. For ordinary spans the diagonals 
usually consist of two angles with the vertical legs upstanding and riveted 
together; and th^ are generally placed in the plane of the bottom ol the 
floor-beams, with the connection p^tes riveted thereto. In riveted trusses 
with bottom chords oonosting of two channels, the connection plates 
rivet to the bottom surface of the said chords. In riveted trusses with 
four-angle liottom chords, the centre line of the chord is usually at the 
lM>ttom nf I lie floor-l>eam, and the lateral connection plate fastens to the 
chord by cunnection angles. In pin-e(»iin«'cted tru.sses with eye-bar l>nt- 
tom chords, the vertical po-ts are extended down to the bottom of liie 
tlonr-lM .'uns. and the lateral connection plates are rivet^'d tliereto by 
means of connection angles. In riveted trusses with bottom chords con- 
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siflAiiig of two cbannela— either rolled mr builtr-aiid in all puMomiected 
truBaes of abort epam the longitudliial oomponent of the stresB from the 
laterals k applied below the centre of the chord. In riveted trufls bridges, 
the moment caiued by this eccentricity is divided among all the tmas 
members at the pwA; while in pin-connected truas btidges the poet 
alone takes this bending. T^ese bending effects should ahrajs be prop-* 
erly considered. In large bridges, it is generally advisable to avoid them 
by employing bottom latoral diagonals of four angles in the form of an 
I with a vertical line of lacing. For riveted trusses, the diagonals should 
he made as deep as the chortis. The bottom connection is as bi'fore, 
while the top connection plate rivets to connection angles on the floor- 
beam web and on th<' chord gusset plate. For pin-connected trusses, the 
diagonals should, iircferably, be dec^p enough to bring the centre lines 
of the said diagonals and of the chords into the same plane. The bottom 
connection is similar to that used for the two-angle section. The top 
connection plate is attached by connection angles to the floor-beam web 
and to the post. 

The rivets in the connections of the laterab must be able to develop 
the section thereof. The rivets fastening any lateral connection plate 
to the truss must be able to transfer thereto the longitudinal component 
of the stresses in the lateral diagonal or diagonals which it conneotSy and 
those connecting the said i^te to the floor-beam must be able to caie for 
the transverse components of the diagonal stresses. 

The connection plate on the end floor-beam will be found very trouble- 
some to design, owing to the reduction in its strength caused by cutting 
out a portion to clear the shoe. For a double-track bridge it will be fre- 
quently possible to employ the d( t;iil used by Boiler aiul Hodge on the 
Municipal Bridge at St. Louis, in which for the end panel the diagonals 
were made to intersect at the centre of the end floor-beam, as has been 
previously mentioned. This detail could not be used for a single-track 
st ructure unless the panels were very short, as the angle between the diag- 
onals and the chords would be too small. 

It is desirable that the members of the bottom lateral system inter- 
sect on the centre line of truss, especially as this result can usually be 
accomplished with little waste in the connection plates. For ri\ cted 
trusses with laced bottom chords, in which the stresses from lateral load- 
ing are only a small proportion of the total, an eccentric connection will 
usually do no harm; but its effect should generally be figured, as explained 
prevbusly. 

The bottcMn laterals in most cases should be connected to every stringer 
they cross. With fournangle kiterals the bottom .of the stringers should 
be at the same elevation as the top of the kiterals, so that the top angles 
of the hitter can rivet directly to the bottom flanges of the former; but 
with the two-angle type of lateral the use of clip angles will be necessary. 
Fig. 22Jff illustrates a detail of this type. It was previuusly mentioned 
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that the laterals should be utilized to care for tractioa stresBCB. In smgie 
track hndges with two lines of stringers all that is necessary is a trans- 
vme strut at each point where the laterak cross the stringers, which 
strut with the lateral diagonate and the floor-beam forms a complete truss 
for transferring the tractiofi loads from the two stringers to the trusses. 
'For single-track bridges with four lines oi stringers, the lateral diagonals 
should be riveted to the two outer lines only, for the reason given when 
discussing railway through-plate-girder spans. The transverse strut is 
to be used in the same manner as for spans with two lines of strinj:er9. 
Ill Hiuliiple-track bridges with two lines of stringers per track (as is nearly 
always the c:ise), tlie diagonals should be rivetinl to the stringers at ever>' 
intersection. The traction loads should be cared for by piacint:, one thrust 
frame in each panel. Each thrust frame is l)est miuW In j)lacing a trans- 
verse strut iM'twt't'u thr points wliore the lateral diagonals intersect the 
inner stringers, and then running diagonal struts betw€*en the i)oint^ where 
the lateral diagonals intersect the outer stringers and the points where 
the inner stringers intersect the cross girder, and also between the inner 
stringers. There is thus forme<l a complete truss having the floor-beam 
and the transverse strut for the chords, the lateral diagonals for the end 
posts, and the stringers and the diagonal struts for the web meml>ers. 
The members of this truss should be figured for the specified traction load, 
actmg on one track in either direction, or on both tracks simultaneously, 
in either the same or oi^xMite dueotions. Where doubl&i>lane bottom 
laterals are employed, the thrust frame should be amgle jdane, and only 
the upper pair of angles m the laterab should then be relied upon fo^ 
traction effects. 

Another feature of the action of the thrust angles or thrust frames 

should be noted. When the bottom chord elongates, the stringers tend 
to remain of constant leniitli, and hence they put very severe bending 
stresses in the ilour-i>eanLs. These are relieved to some extent by the use 
of ^v^de-legged connection angles for the stringers, but the effect is still 
large. The thrust angles in every panel tend to »'ause tiie strin^;ers to i 
move with the chords, and, therefore, relieve the tioctr-branis decidedly. 

In case a bridge ha^> a trough floor system carrie(l by the bottom 
chords, ail lx>ttom laterals and traction frames are, of course, omitted. 

The top lateral system is in the plane of the top chord. It should be 
proportioned to carry either the vibration load ,or the wind load. It 
usually consists of a double inters(>ction system of rigid diagonais, with 
a cross strut at each panel point of the truss, which strut generally acts 
also as the top strut of th(> sway frame or portal. Usually the diagonals 
extend over one panel only; but where the panel length is much less than 
the distance from centre to centre of trusses, a considerable economy can 
be ^ected by making each one extend over two panels. The same effect 
can also be obtained by using the K-^stem of trussing. All membm 
of the bracmg should be of the same depth as the top chord, so as to 
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grip both faces of the latter effectively. The diagonalH usiiaUy oonsiBt 
of four aogleB m the f oim of an I, with a angle line of ladng. Unequal- 
legged anfl^ with the kmger leg outstanding, are generally to be em- 
ployed. It will be found that for all ordinary spans, four angles S^i" X 
3" X be used for these struts. For 8hwt'manbera» two such 

anglcfi with a vertical line of lacing will frequently suffice. 

The top lateral diagonals are often made to intersect on tlic outer 
gauge line of the cover plate in order to keep down the sizes of the con- 
nection plates. Since* the lateral forces are comparatively small, this will 
do no harm in bridges of ordinary span, as the toj) chords are always 
effect i\<ly laced. For long span bridges^ the etfect of the eccentricity 
thus involved should be con-^idered and either provided for by using' 
extra metal in the section, when uecessaiyy or else avoided by adopting 
a truly centric intersection of axes. 

The connections of the diagonals are usually to be proportioned for 
the deveioi»mait of the capacities of the members, rather than for the 
figured stresses. The connections of the plates to the trusses and to the 
transvene struts will generally be a question of proper detailing-HU)t one 
of required strength. The longitudiiial and transveise ocnnponents of the 
stresses in the diagonals which connect to each plate musti of oouisei be 
properly taken care of. 

The specifications of Chapter LXXVUI give the requirements which 
the lacin<; and the tie plates must meet. Usually the lacing is of the 
sinj^le-intersection type; but in deep members double-intersection bar 
lacing or latticing, or even angle lacing, is s<^metimes necessary. 

Vertical sway l)racing is usually placed at every main jmnel point of 
the top chorri ex('ef)t at the end ones, where the portal braces are located, 
it is provided primarily to stifTcm the structure, anil is u.sually made 
throughout of the minimum members which will meet the / over r rninin - 
raents. Sometimes it is figured to transf(T to the bottom laterals half 
of a top chord jianel winfl loatl. Swa>- frames increase the Ix'nding in 
poets from floor-beam dellection, and their omission on this b;isis has 
sometimes been proposed; but the author does not consider this advisable. 

The vi^rtical sway bracing is ordinarily of the single plane type for 
single-track bridges. The type outlined in Fig. 20a is generally used 
with straight top chords, and that in Fig. 206 whh polygonal top chords. 
The top strut is of the same fonn as that adopted for the upper lateral di- 
agonals; andinmostcasesit can be made of the same section. The other 
members are often of two angles each. Thm should always be either a 
vertical diaphragm or a pair of batten plates on the poet at the point 
where either the bottom strut of the bradng frame or the eomer bracket 
connects to it. The weak point of this sway bracing is this connection, 
:is the transverse loads are delivered to the comparatively thin webs of 
the posts, rather than ihrectly to the lines of lacing. It is possil)le to 
put in transverbe diaphragmti with horizoutal webs couuucting to tic 
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plates 80 as to strengthen this point; but for ordioaiy qmuis it is unneo- 

sssary to do so. 

For double-track bridges, and for veiy kmg and heavy angle^rack 
bridges, the use of the double-plane sway bracing is best. A ^rpe similar 




Fig. 70a. OuUiiiA of Sway Bfadng Fig. 206. OutUns of Sway Bnomg name 
Frame for Tbrough Bridges with Pant- lor Throng^ Bridges with Polygooal 
kl Ghoidfl. Top Oioids. 

to that outlined in Fig. 20a is generally employed for bridges with straight 
top chordsi and one similar to that in Fig. 206 ior bridges with polygonal 
top chords. The top strut is either a box-stnit with an aof^ at each 
oonier and ladng on all four sides, or dse an I-strut as in the single fdaae 




Fig. 206. FiR. 20(k ' 



Arrangements of Top Struts of FortaJs. 

t3rpe of sway bracing. In this case the stmt should usually be supported 
laterally at miti-length from tlic centre ((^incction plate of the lateral 
diae:f>nals. as the sjivinp: in the section of the stmt will ordinarily give 
more than sufficient metal to build the sup]X)rting strut. The other 
members of the sway frame consist of two or four angles with a horizontal 
line of lacing. The connection plates to the posts should extend across 
the faces thereof as tie-plates. This comiection to the posts has none 
of the weakness of that of the single-plane type of sway bracing. 

The portals are practically always placed in the plane of the end posts. 
Tbey should invariably be of double-plane, thus gripping both faces of 
the end posts very effectively. The portal is proportioned to resist the 
effects of the wind pressure. It is generally assumed that the entire wind 
load on the top chord is carried to the portals, and then transferred down 
through these and the aid-posts to the shoes. The assumption Is usu- 
ally noade that the end posts are fixed in direction at the pin, and are 
held in Unc at the top and at the bottom struts of the portal bracing, 
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thus puttinj^ a point of contra-flcxiire botwrrn fho pin and thp bottom 
[x)rtal strut. The position of this pt)int can Im' taken frnni the upper 
<une of Fi^i. \M. it will be noticed that it is always a liltle over half- 
way up from the pin. After the point of contra-fl( xurc is known, the 
stresses in the end posts and portals can ix» determined by the principles 
of statics, as explained in various standard works on bridges — ^notably in 
'Modern Framed Structures," Parts I and II. 

The top strut of the portal is best made of the form shown in Fig. 22e€e, 
A fairly efficient top strut can be made of a four-angle I-strut with a single 
line (rf lacing, the strut being placed on the bevel between the two mem- 
bos, as shown in Fig. 20e, or on the end post as shown in Fig. 20d, The 
other members are generally four-angle I-struts, although two-aogle chan- 
nel-struts are occasionally employed. In proportioning the connections, 
it wiQ be found that many of them are governed by the requirements 
of good detailing rather than those of streflses. Care should be taken 
♦o en.sure that all components of the stresses in the various members are 
July provided for. 

In skew bridges, the detailing of the portal is an especially difficult 
matter; and particular attention is necessarj^ in order to make the con- 
nrrtions to the end-posts even reasonably efficient. An article in the 
Enifineering A'ews of February II, 11H)9, ])age 152, and one in the Enyi- 
mering Record of February' 17, 1912, i)age 19ti, show methods to be followed 
in drawing the details of skew portals. 

Railway, Deck, Truss Spans 

There are two principal types of these structures. In one, tliere is no 
sted floor-system, the ties resting directly on the top chords. This type 
is used for short spans only. For long spans, stringers and floor-beams 
are required. 

In both of these types of structure, the following lateral bracing is 
needed: 

1. The top lateral bracing. 

2. The bottom lateral braemg. 

3. The intermediate sway frames. 

4. The end h»vay frames. 

When strirgcrs and floor-beams are used, there is also required: 

5. Stringer bracing. 

The bracing fur the first mentioned kind ot structure will first be 

discassed. 

The top laterals can be of either single or double cancellation, the 
former usually U^ing the more economical. In this case there will gen- 
erally be two lat<.Tal panels per tru.ss panel. There will be a cross-strut 
at each panel point, furnished by the top strut of the sway frame. This 
Qpper lateral system is proportioned for the same loads as the bottom 

Digitized by Google 



404 



BBIDQE ENGIKEEBINQ 



Chafteb XX 



lateral system of a through span. The diagonals usually consist of four 
angles in the form of an I, with a vertical line of lacing. This lacing 
is generally of angles, as the top chords are ver>^ deep in trusses of this 
type. It is ordinarily a simple matter to make the diagonals intersect 
on the centre line of the truss, and this rule ^liould generally l^e followed, 
if practicable; but intersectiong them near the edge of the chord is not 
veiy objectionable. The connection of each lateral plate to the chord 
must be sufficiently strong to care for the longitudinal components of the 
two diagonals meeting upon it. 

The bottom lateral system of a deck-bridge is not very important. 
It should usually be made of the same type and panel lengths as the 
top lateral system, with minimiun sections and connections throughout. 
It should he proiX)rtioned for the same loads as the toj) lateral sj'steni 
of a through span. The nuinhtTs should he of th(» s^mie d( j)th a.s the 
bottom chord; and as tlus member la generally shallow, bar lacing will 
ordinarily suffice. 

Intermediate sway frames juc us(mI at every panel point. In order 
to ensure that an efYective frame will be adopted, it is specified in Chapter 
LXXVIII that it shall be strong enough to transfer one-half of the live 
load concentration on one truss over to the other truss. The toj) strut 
should be as deep as tlie top chord, and it is generally made of the same 
form as the top lateral diagonals. The bottom strut should be of the 
same depth as the bottom chord, being usually of the same make-up as 
the lower lateral diagonals. The diagonals of the sway frames are of 
double cancellation, each member being composed of two unequal-legged 
angles with the short legs vertical and riveted together. Care must be 
taken to see that the vertical component of the stress in each diagonal 
is properly transferred to the truss, and the horizontal component thereof 
to the lateral connection plate. 

The end sway-frame nuist be proportioned to withstand the entire 
transverse loading earned to one end of the truss due to the \\ind load 
if the structure is on a tangent, or to the eoniltineil wind and cent rifuii;;il 
loads if il is on a curve. The top and bottom struts are generally cf tlu: 
same section as those of the intermediate frames. It is preferable that 
the diagonals be (h)uble-plane and ol the same width as the end posts oi 
the truss, in order to grip their faces more effectively. The diagonals 
should consist of I-struts of four angles with a single line of lacing. The 
horizontal load at the top is delivered to the diatronals by the upper lat- 
erals and the top strut, and is transferred at the bottom to the end post, 
or, preferably, directly to the shoes. The vertical component of the 
diagonal in each case is delivered to the end poet. Enough rivets must 
be provided to care for these stresses. 

A bridge of this kind might occasionally be built with a steel trough 
floor. In that case all top laterals would be omitted, but efficient con- 
nections for the up{>cr ends of the sway bracing diagonals would have to 
be provided. « « 
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The lateral bracing of deck spans having floor-beams and stringers 
will next l)e discussed. 

The top laterals are usually of double cancellation, each diagonal ex- 
tending over one truss pan^l, w-ith the floor beams serving as the struts. 
I This lateral system is proportioned for the same loads as the Iwttom 
lateral system of a throujrii span. As a general rule, in spans of this t>*pe, 
the tops of the floor-beams lie just Ik Iow the bottom of the top chord, 
and the tops of the stringers are a little below the tops of the fl(K)r-beams. 
The l;it«Tal connection plates are placed between the bottom of the top 
chord and the top of the floor4>eam. The best arrangcmeDt, 80 far as the 
laterak are concerned, b to make each diagonal of two unequal-legsed 
aaglcB with the long legs iqMBtanding and riveted together. These aiigieB 
ocmtanie aerosB and rivet to the top of each stringer, the use of thick 
fllkr plates between the stringers and laterals being necessary. This s^le 
of laterals reqmres the use of longitudinal wooden shims on top of the 
stringers, so that the ties may dear the laterals. If this detail be con- 
sidered objectionable, the vertical legs of the diagonals can be turned 
down, and the angles cut where they cross each st ri ng e r and spliced by 
connection plates which rivet to the stringer flanges. This arrangement 
cuts each lateral up into several short pieces and is, therefore, not as good 
as the t\'i)e first described. 

The stringer bracing is usually supplied by adding a few short mem- 
bers to the top lat<'ral system. In single track bridges with two lines of 
stringers (which is the type nearly always employed), it is g(»nerally 
sutiicient to place transverse struts between the stringers at the ])oints 
where the diagonals intersect them, and a diagonal running from one 
end of each of these struts to the point where the other line of stringers 
meets the floor-beams. If the unsupported length of the centre portion 
of the top flange is too great, it will be necessary to run a transverse strut 
from the central lateral connection plate over to each stringer. In stringers 
over thirty feet long, a cross-frame at mid-f>anel should be used, and this 
will supply the centre transverse strut. In single-track bridges with four 
lines of stringers, the transverse struts should be placed at the points where 
the laterals intersect the outer stringers; and in this case the centre trans- 
verse strut win nearly always be required. If the unsupported length of 
the end portion of the top flang(> of the stringer be too long, it can be 
braced by using, instead of the single diagonal above mentioned, two 
panels of single intersection bracing of the Warren or triangular type 
with a cross strut at its mid-j)oint riveting to all of the stringers. In 
.double-track bridges, it will br* necessary to add a sufhcient number of 
diagonals and transverse strut > to l)race the top flanges ])ro])(>rly. The 
laterals should be utilized tor this bracing as far as possible. In ca^e 
stringers rest in expansion joints, there should be an end sway frame 
; between the stringers of each track. 

The top laterals must also care for traction loads. In singie-track 
bridges the members aheady specified for stringer bracmg will serve ^ 
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carry traction loads as well. In double-track bridges the strinjjor bracing 
can l )c arranged in such a manner that the addition of two amaii members 
per panel will provide for the traction loads. 

The h()tt(un laterals are of small import-ance. Thoy usually consist 
of a doui^lf intersection system of diagonals, the bottom struts of the 
sway frames fonninpc the cross-struts of the syst-em. The diagonals gen- 
erally consist of four-angle I-struts with a vertical line of bar la^ing^ and 
are of the same depth as the bottom chord. 

The sway frames are about the same as for the other type of deck 
Bpatkf except that the top strut is replaced by a floor-beam. It is fre- 
quently best, however, to make the diagonals of the intennediate sway 
frames the same as those described for the end sway frames on aooount 
of the long members h&vohred. Th^ are proportioned for the same 
loads as those for the other kind of span. 

HiGHWAT AND Elbctrio-IUilwat, Thbouqh, Trusb Spamb 

The laterals for these spans will not vary essentially from those used 
for railway spans except in light structures. The loads for which they 
are to be proportioned will usually be loss, and there is no vibration load 
to be considered. The effect of centrifugal force, when there are electric 
railway tracks on curves, should be considered; and traction from electric- 
raOways should also be provided for, imless there is a concrete slab ex- 
tending practtcaUy the full width between tnisaes. Stringer bracing 
should be omitted when a concrete floor slab is used, and generally with 
a solid timber floor. The bottom lateral diagonals will frequently lie at 
a considerable distance below the stringers, and in this case they should ' 
be supported at mid-panel in the manner explained for highway plate- 
girder spans. Cantilever brackets outside of the trusses can be braced 
in a simihir manner to that explained for highway plate-girder spans; 
but in this ciuse the diagonal braces should connect to the bottom flanges 
of the cantilevers at the line of stringers from which they arc braced, and j 
their other ends should rivet to a bent plate on the bottom of the lower ' 
chord at the centre of th(; panel. There will also he re^quired a diaphragm j 
or bracket-plate att;i< hing the strin^':er to tiu; connection i)late of the 
diagonal. This l)raeing for the cantilevers will generally be used in two 
panels i>er trass; and where a solid concrete floor is employed, it may 
be omitted altogether. 

For light highway bridges it will be permissible to employ angles iu 
tension, or even adjustable rods» for the diagonals in bracing of double 
cancellation. When tension angles are adopted, the draw mentioned pre- 
viously should be provided. The use of pony truss spans should be dis- 
couraged for even light bridges, but sometimes it is necessary to employ 
them. In that case the top chords must be braced to the fioor-beam« 
as rigidly as possible. 
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HlOHWAT AND ELECTBIC-RAILWAy, DeCK, TrUSS SfANS 

The bracing of structures of this type will in essential particulars fol- 
low that for railway, deck, truss spans. The special points which will 

arise will be ver>'^ similar to those doscrihefl for highway through, truss, 
spaas; and they should be treated in a similar manner. 
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CHAPTER XXI 
SIATB-OIBDBB AND ROLLED I-BEAM BBIDOB8 I 

Although plate-girdera are of necessity as unscientific structures as 
a bridge specialist ever has to design, they are without doubt the most 
satisfactory lype of construction possible for short spans. Their superi- 
ority over articulated trusses is due to the following reasons: 

Fird, Owing to their ocmipactness they better resist shock and cheek I 
TiOTation. 

Second, They have fewer critical points where overstress is hke^ to 

exist because of faults of either designing or workmanship. 
Third. A nimiber of loose rivets l>ing close together will do far le^ss 

harm in a plate-girder than in an open-wchbed one. , 
fourth. The cost of manufacture i>er pound of metal is a little less. 
Fifth. Owing to (he steady demand for phitc-girder structures and 

the ((unjjarative simplicity of the sections of metal used in their 

manufacture, it is easy to obtain quickly the niat»Tials recjuired; 

and the work on the metal is of a simple character. For tliese 

rcjisons plate-gird(T s|)ans can generally be purchased with less 

delay than open-webbed girders. 
Sixth, The cost per pound for erecti<m is decidedly less, esoepting i 

where the o(niditions arc unusual. 
Seventh. They can be overstressed without danger much hii^er than < 

open-webbed girders. 
Eighih. They are less liable to injury by accident than articulated 

trusses. 

Ninth. They are more easily painted, and are more aooeesiUe to 

examination for rust. 
Tenih. The cost of maintenance is less, owing to the absence of small 

parts and details that might work loose under traffic. 
One rarely hears of the failure of a plate-girder span, while the col- 
lapsing of op<»n-webbed girders (especially ol<l. piu-connect^^d ones) is far 
from uncommon. There lias lately come to the author's notice an old, 
wrought -iron, plat<'-girdcr bridge of eight(M'n and a half feet span, in which, | 
when impact was inchided, the actual loct)niotive loads stressed thf ex- 
treme fibres of the Iwttom tiaiiges as high a.s forty-two thousand (42,000) j 
pounds per square iii' li. How the structure continued for years to stand 
up under the constant traffic on one of the great trunk lines is a puzdo | 
for bridge experts; because the elastic limit of the metal must have been 
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leas than thirty thousand (30,000) pounds per square inch. Stresnng an 
old^ashioned, iron, pui-connected-truss span one-half as much as that 
plate-girder bridge was stressed would probably have caused its downfall 

long ago. 

The ordinary limit of length of plate-girder spans is alwut one hun- 
dred (100) feet, hut that limit has often ))een surpassed hv twentj'-five 
{2o) or thirty (30j per cent for simple spans and by much more for swing 
spans. UsuMly it is the difheulty in shipjiing ver>' long nlate-girders 
from bridge shop to site tliat detcrniinrs tin- suprrior limit of such spans. 
The loading of long girders on cars for shijHnent is (juite an art, and it 
'hould he entruste<l only to men experienctnl in such loadings; for, other- 
wiae, the metal is liable to he injured in transit or the cars to break do^Ti, 
or some other trouble is likely to happen before they reach their desti- 
nation. Some engineers believe that the IiaV>ility to injury of long plate- 
girden in shop, tranat, and field should limit their length to one hundred 
(100) feet; but the author is not of this opmion, for he thinks that tak- 
ing proper precautions the danger can be pretty nearly eliminated. About 
as long a plate-pider as has ever been shipped in one piece was one of 
one hundred and thirty-two (132) feet. It required four flat cars to 
tranqiort it. Longer plate-girder spans than this have been built, notably 
tubular bridges and swing spans, but they were shipped in parts and 
assembled at site. This exjx'dient for simple spans is reiiUy permissible 
only in case of bridges to b(» sent to foreign countries, and it is to l)e avoided 
if possible even then, l)ecause it is soniftimes difficult to obtain m satis- 
factorj' job of field-riveting when making the splic»'s, although the use 
of pneumatic riveters tends to reduce materially tlie force of this objec- 
tion. The specifications of Chapter LXXVI II provide an excess of strength 
for the field splicing of plate-girders, simply as a matter of precaution 
for the avoidance of the possible ill-effects of defective field riveting. 

As far as economics are concemed, it may be stated that, if deck 
plate-girderB are feasible for any opening, they are more economical than 
truss spans up to a length that is prohibitory for shipment. As the depth 
of a veiy long plate-girder is generally from one-tenth (/^o) to one-twelfth 
{%d of the span, the requirements of underneath clearance often bar 
out deck plate-girders and necessitate either half-through plate-girders 
or through trusses. The rule given in Chapter LXXVIII, that in single- 
track deck-bridges the perpendicular distance between the webs of any 
pair of plate-girders must not be less tlian onr'-tcnth (/lo) of the sjian, 
limits the span-length for such structures to al)()vit one hundrrd (1(K)) 
f^'et, because a greater length than ten (10) feet between centns of bear- 
in8^< of ties would involve the adoption of h«'avier timber than is easily 
aiul economically procurable. But for (l(mi)l('-track structures the use of 
f"ur lines of girders spaced equidistant permits the bracing togetluT of 
two pairs of girders by vertical end frames, and the running of both the 
Upper lateral system and the lower lateral system from outer girder to 
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outer girder. Ab wooden ties of ordinary dimensioiie can be used under 
such eircumstancesy the limiting length of the girdfifs will be detennined 
only by the ability of the railroads to transport them. It is not likely I 

one hundred and twenty (120) feet in length can 
be carried on cars advantageously; and, moropver, a riveted truss span 
of that length, having four or five pands, makes a very satisfaetory struc- 
ture. Some bridge engineers are not governed by the rule that the per- 
pendicular distance between central {)lanes of plate-girtlers in single-track 
dcxk-bridges must not be less than one-tenth (Vio) of the span; hence 
for them the superior limit for the spans of such structures might readily 
be much more than one hundred (100) feet — in fact, there are on record 
long-span bridges of this kind in which the width is less than one-four- 
teenth (/ii) of the span. While this ratio is certainly extreme, it must 
be confessed that the author would not hesitate to violate his own rule 
somewhat to meet unusual conditions^ because it was made lor the sole 
purpose of checldng lateral vibration under heavy loads passing at very j 
high speed; ther^ore, if these conditions could not existi there would 
be good reason for modifying this item of his spedfioations. 

In the case of half-through, plate-girder spans or deck plate-girder 
spans with steel stringers and floor-beams, it will be found that these are | 
more expensive by several dollars per lineal foot than the coneflponding ' 
riveted throuc^ or deck-truss spans for a length of one hundred (100) 
feet, and that for greater lengths the difiference of cost is still more. As 
it hardly seems advisable to build riveted truss spans shorter than one 
hundred (100) feet, it is well to adopt this length as the superior limit i 
for half-through plate-girders and deck plate-girders with steel floor i 
systems. I 

Considerable expense iu errc tiou can often be savtnl by riveting up | 
entire railroad, deck, plate-girder spans in the shop, shipping them to ' 
the site, running them into horizontal position, lifting them off the ears ' 
by gallows frames, running the cars from beneath them, and lowering them 
into place. This can b<' tlone quit*' readily with si)ans up to sixty (00) 
feet long or even longer. Provided that the assembled gird(Ts do not 
require too much width for the cars that are to transport them, thia | 
arrangement will work very well. 

Rolled I-beam spans are preferable to plat^girder spans up to the I 
limit of economy and even beyond it, pro\ided that the deflection under 
load does not become too great. For ordinary I-beams the longest rail- 
way spans of this ^pe are about twenty (20) feet when four lines of 
stringers per track are used, but by employing the thirty (30) inch special | 
sections of the Bethlehem Steel Company the limit can be increased to 
about thirty feet for fairly heavy engine loads. By using six lines of 
beams per track the limit can be increased to about thirty-five (35) feet, 
for which span the depth is only one-fourteenth (/14) of the lenf^h — 
a ratio common enough in England, but objected to by most xVmeriuui 
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engiiieen because of the great deflection that it pennits. The superiority 
of rolled I-beam spans to plate-girder spans lies in their sunplidty of 
detail, their greater compactness, and their lower pound i)rice. 

S(Mne years ago thm were designed for a transcontinental line a 
number of plate-lattice girder spans. Their raison d'etre was supposed 
to Ix' primarily their ability to pa^ss water through them when submerged, 
Hut secondarih', economy. The designer claimed that they effected a 
living of metal amounting to about fifteen hundred floOO) pounds for 
an eighty (80) foot, single-track sT)an, and that the jhiiuhI price for tlieir 
manufacture was no gre^iter than that for ortlinary plat( -pirtler work. 
The author once used ]ilate-lattice girders for the cross-girders of the 
Union Loop Elevated Kailroad of Chicago, but his object was simply to 
evade a troublesome clause in the city ordinance. The webs of these 
crofiB-girders were soUd near mid-span and at the ends, and were open 
near the quarter points, while those of the raiboad girders previously 
meationed were solid at the ends and open over more than the middle half 
of the total length. As far as the author's experiraoe goes, it takes just 
as much metal to build the webs open, and the pound price for the finished 
metal is a trifle greater than it is for ordinary plate-girder construction. 
The fact that this same railroad, when drawing up a set of standard plans 
a few years later, discarded the plate-lattice girders is a pretty sure indi- 
cation that the advantages ( hihned fur them were more imaginary' than 
real. It is true, of course, that in case of suhmergence they would pass 
a certain amount of water through their webs; but it is seldom that a 
railroad company will build a bridge of any kind so close to the high- 
water mark as to run any risk of its Ix'ing submerged. 

As the calculation of stresses in beams is explained clearly in a number 
of standard text-books, it will be a.ssumed that the reader is familiar with 
the subject in general, and this chapter will discuss it merely from the 
standpoint of it.s direct application to the design of girders. The use of 
equivalent uniform loads is treated fully in Chapter X. 

A plate-girder is a beam composed essentially of a wide, thin plate, 
called the web, along each edge of which there is riveted a flange that may 
consist of various structural shapes. The loads which the girder carries 
produce at any section both shear and bending moment. The web is 
usually considered to care for the shear, while most or all of the bending 
moment is assumed to be taken by the flanges. In addition to the 
flanges and web there are many other imjwrtant part^, each of which 
fes its own function to perform. Some of these, such us the end-stif- 
feners or end-connection angles, are found in nearly every i)late-girder; 
while others, such as web-splices and flange-splices, are used only when 
the conditions of any particular ciise eall for them. 

The most important calculations are those for the maximum moment 
and the maximum end shear. For rolled I-beams and short-span plate- 
girders these are usually the only ones required; but for a plate-gkder 
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of longer span, it is generally neoesBaiy to know also the laws of the varia- 
tion of moment and shear throughout its length, so that the vahies of 
these functions at any given section can be determined. These laws 
will depend upon the kind of loading (». 0., live or dead), on the manner 
in which it is applied to the girder (t. e., uniformly distributed or ooncen- 
trated)i and on the end conditions of the girder. The girder simply sup- 
ported at both ends will first be discussed at some length after whida 
several other forms will be considered briefly. 

For a piirdcr carrying a uniform loati the uiaxiniuni .slu-ar on tlie web 
is simply the load Ijctween the point of support and the centre. If there 
16 no end ovrrhan^, this (luantity is also the maximum reaction oi) the 
support; but if lliere is sucli an overhang, tlie load on it must be con- 
sidered in finding the said reaction. The dead-load shear at an\ point is 
e(}ual to the dead loa<l between the section in question and the e( ntre of 
the girder, varying uniformly from zero at that point to a maximum at 
the end. For advancing live load covering a portion kl of a span of length 
If the shear at the head of the load is times the end shear. In Fig. 21a 
are plotted values for mii.«mnfn shears from uniform loads at various 
sections of a girder, for varying ratios of live and dead loads. These 
are given in ratios the end shear. (The k on this diagram is not the 
same as that just used above, being measured from the other end of the 
girder.) The moment diagram will be a parabola, with the mMrimnm 
ordinate at the centre. 

In a railway ^rder without panels, such as an ordinary deck gbder 
<Nr a through girder with a trough floor system, the dead load is unifotm, 
and the shears and moments caused by it can be figured in the manner 
just explained. The maximum live-load shear on the web can be taken 
from the curves of Fig. Oc. If there is no end overhanp. this will also 
be the maxinumi reaction on the support; but if a gir<l( r of length I have 
an end overhang a, tlie maxinunn reaction on the su))j)ort will be that 
given in the curves lor a span of length I -\- a, multiplied by the ratio 

- j-^. The shear at a point distant hi from one support of a span of 

length /, due to a live load on the portion kl, may be taken as k times 
the end shear of a span of length kl. There is no exact law for the varia- 
tion of live-load shears throughout a span, as it differs for different span 
length.s; Init the curve of F'ig. 216 will be found to be sufficiently accurate 
for designing purposes. It gives values of the ratio of the total shear 
at any section to the total end shear on the web. The maximum live- 
load moment at the centre is to be figured by the use of the equivalent 
uniform live load; and the moment diagram can be assumed to be a pa- 
rabola, although the actual moment curve will usually be a trifle hig^ 
at some points on account of the wheel concentratioos. TUs emr is 
easily taken care of, however, as will be explained when the figuring dt 
cover-plate lengths is discussed. 
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If a girder without panda cairieB an electric railway, the end siiear 
on the web and the reaction on the support can be figured in the same 
manner as waa just explained for a nuhray girder, using the corves of 
Fig. 6^. The ]ive4oad shear at any section can be computed m the same 

maimer as for a railway girder; but it will be found impossible to draw 
a curve similar to Fig. 216, owing to the gri^at irregularities in the wheel 
spacing;. The moment can be figured as for a railwa}- girder. 

For girders without panels carrying road rollers or trucks, it will be 
necessary to hgure the munients and shears directly. 

When a girder with panels carries a load which is uniform per foot 
of span, but is conccMitrated on the girder at the various panel-points, 
the shears in the various panels are to be computed as for a truss 
span. It will be sufficiently accurate to use full panel loads. If the 
panel lengths are equal, Table 106 may be utilized to advantage. 
The maximum shear on the web is usually the shear in the end panel, 
although the load from the end floor-beam may sometimes have to 
be figured in. If the girder be riveted to other steelwork— aa to 
a column — ^the maarimum load on the end connection of the girder 
in most cases will be the same as the end shear on the web, although 
the load from the end floor-beam is also to be conridered in computing 
the load (m the column. If the prdesr rests on a shoe, the end stiffeners 
will generally have to carry the load from the end floor^4)eam as well as 
the end shear on the web. The manner in which this floor-beam load is 
transferred to the stiffeners must be duly considered, however. The 
reaction on the shoe will praetically always include the load from the 
end floor-beam. The moment diagram is no longer a parabola, but is a 
polygon, the apices of which are at the panel-{X)ints. These apic'es lie 
on the parabola which would ix- the moment diagram of the girder if 
the load were uniformly distributed instead of eoncentrate^l. In order 
to draw the moment diagram, therefore, we proceed a.s follows. We 
first figure the centre moment M as though the load were uniform^ dis- 
tributed, employing the equation, 

M -= VswP, [Eq. 11 

where I is the ^an length and w the load per lineal unit. The span length 
is then laid out to any convenient scale, and a parabola is plotted with 
the above value of if as the central ordinate and the otdinates at the 
ends of the span equal to aero. Then ^e positions of the various pand- 
points are laid out and a vertical is erected at eadi point, cutting the 
moment parabola. The points whm these verticals intenect the curve 
are then joined by straight lines, which fonn the moment diagram. 

A ^rder with all of the load concentrated at the paael-ponita does not 
occur ui actual practioe, smce the weight of the girder itself la always 
uniformly distributed. The effect of this is usually small, and should be 
neglected. When, however, a strip of flooring rests directly on the girder, 
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it may be necessary to take into aooount the effect of this nniform load. 

In this ca^so, the end shears due to uniform dead load, concentrated dead 
load, uniforiii live load, and concentrated live load should he figured 
separately. The shear at any section from each of the four loads can then 
be easily calculated. The nionient diagram is drawn by first plotting the 
moment parabola, then constnicting the moment polygon as though all 
of thf' load were concentrated at the panels, and lastly interpolating: to 
get the correct moment diagram. For instance, if the uniform load were 
one-quarter of the total load, there should be located at the centre of 
eaeh panel a point one-quarter of the way between the straight line and 
the parabola. The distance is to be measured vertically, not at right 
angles to the straight line. Then curves are drawn through these points 
and the adjacent panel-points on either side. If the panels are yery long 
or the vertical distances quite laige, it may be best to locate other points 
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Fko. 21c. Layout of a 75-i'oot Ciirdcr with Varying Panel Lengths. 



one-quarter of the way between the straight line and the parabola (measur- 
ing vertically) ; but in nearly ev^ case the single point at the centre of 
each panel will suffice. 

The above method of constructing the moment polygon is applicable 
whether the panel lengths are unifonn or not To illustrate c^tf^y its 
applicationi let it be required to construct the moment diagram for a i^rder 
76' long from centre to centre of bearings, shown in Fig. 21c, having four 
paneb each 16' long and one panel 11' in length, and carrying a total 
load of 6730 jwunds per lineal foot, of which 2500 pounds is uniformly 
distributed along the gird(T, the remaining portion l)eing carried by cross- 
girders at the various paiu l ]>oints. TIk nioiiunt at the centre is first 
figured on the assumption that all of the load is uniformly distributed, 
giving the result, 

Af - HX 6730 X 75^ « 4,732,000 foot-pounds. 

The span length is then laid off to anj- convenient scale, and the above 
moment M plotted at the centre to any other convenient scale. Se(» Fig. 
2\d. The moment paralwla is then plotted. To do this, a horizontal 
line is drawn through the point already located at the centre, and ordinates 
are plotted dowTiward therefrom at as many points as may be necessary. 
It will usually b( !•< -^t to divide each half span into four equal partes, in 
which case the ordmates at the various division points will be l/16Af, 
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H^t And 9/lW ; or into five equal partSy in whidi case the said ordi- 

nates wiU be 1/25M {^0,04Jd), 4/25M (» 0.16Jlf), 9/26M (« OMM), 
and i6/25Af (= O.M)M ; or into ten equal parts, in which case they will 
be O.OIM, 0.()4M, 0.09M, 0.16M, 0.253/, 0.303/, 0.493/, U.G43/, and 0.813/. 
(The parabola can also \m drawn by any one of the several graphical 
methods.) Iii the present ease, the half span was divided into five equal 
parts. For girders havmg panels of equal length, it might he better to 
plot simply the ordinates at cacli pant4-point. For imstanee, in a seven- 
panel girder the panel-points are distant 1/7 X 1/2, 3/7 X 1/2, and 5/7 
X 1/2 from the mid-span pointi and the corresponding ordinates are 
1/493/, 9/49M, and 25/493/. 

The panel-points are then laid out, vertical lines are drawn at each 
point cutting the numait parabola, and the points of intersection are 




Flo. 21<l. MonMiil Diagram fSor a TMbot Girder with Vaiying Paiifll Lengths. 



joined by straight Iumb. The resulting polygon would be the moment 
diagram if aU of the load were concentrated at the panel-points. Since 
2500 pounds of the total 6730 pounds are unifonnly distributed, the ver- 
tical distanoe between the curve and tiie strai^^t Ihie is measured at the 

2500 

centre of each panel (this is the same for all of the 16' panels) and 

of this distance laid off upward from the straight line. A smooth curve 

is then drawn in caeli panel through the i)oint thus located and the two 
adjacent panel-puints. The resultinp; fip^ire is the moment diMgiaiii. 

It will be found advisiible to put tin said iliagram dirtetly on the 
calculation blanks along with the other computations for tlie girder, rather 
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than on a separate sheet of drawing paper. A scale of ten feet to the 
inch generally be most suitable for laying out the dimensioiis of the 
girder. For plotting the moments, a scale of 1,000,000 foot-pounds to 
the inch should be used ordinarilyi and one of 2,000|000 foot-pounds to 
the inch for very heavy girdm. 

For railway plate-g^ers with panelsi such as the ordmary half-through 
girder, the maximum live-load end-^hear on the web can be calculated 
by means of the engme diagram (such as given m Table 10a), if desired; 
but it will be sufficiently accurate to take from the curves of Fig. 6c the 
end shear for a span of length equal to the actual span minus cight'tenths 
(0.8) uf the end paiul, and then multiply this reading by the ratio of 
the reduced lengtli to the actual length. For a girder of length I 
with short panels (say 12' or less in length), the live-load shear at any 
panel-{K)iiit distant kl from one end of the girder, due to load on the por- 
tion kl, can be taken as k times the end shear for a span of lenp:th kl. For 
panels over 12' long, the length kl should be taken about one-tenth 
of a panel longer than the distance from the support to the panel-point 
in question. The maxunum reaction on the support will usually be the 
same as for a girder without panels; but it may sometimes be equal to 
the maximum endnshear on tiie web. 

The precedmg discussion on findmg moments and shears throughout 
gudefs has applied only to g^ers simply supported at both ends. Other 
types will now be discussed briefly. 

Cantilever plate-girders are frequently used ui steel construction. 
In a cantilever the shear at any point is equal to the sum of the loads 
outside of the section, and the moment is simply the moment of these 
loads about the point in question. If the girder carries uniform loatiiug, 
the shear varies uniformly from zero at the end to a niuxiniuin at tlie 
support, while the moment varies jis the ordinates of a parabola. If it 
carries concentrated loads, the shear is constant from load point to load 
point, and the moment curve betvvet^n load points l>ecomes a straight 
line. It will usually be necessary to figure the shear and the moment at 
each load point directly, as the loads and spacing in most cases will be 
irregular 

A cantilever is nearly always continuous with another girder. In 
designing the other girder, the effects on the moments and shears pro- 
duced by loads on the cantilever must be duly considered. These loads 
mcrease the shear ui the girder at the end next to the cantilever, and tend 
to cause an uplift at the other end. They usually tend to reverse the 
flange stress in the guxier, so that it is necessary to figure the moment 
therem for the two following conditions of loadmg: 

1. Live load and dead load on gurder, and dead load only on cantilever. 

2. Dead load only on girder, and live load and dead load on cantilever. 
Plate-girders are frequently more or less continuouis over several 

supports, but they are nearly always figured as simple beams. This 

* 
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aaBumption makes the work id desigii much easier, and b general^ on the 
safe side. Of course, the fonnuin for continuous beams can be applied 
to such girders, if it be thought advisaUe; but this should hardly ever be 

necessary. 

The computation of the shears and moments at various sortion,-^ of 
a girder is comparativt'ly simple. The d(\sigu of the various i)urtioiLs of 
the girder to care for these stfesses in an elective and economical manner 
is much more difficult; and facility in such work can be attained only 
by experience. The remainder of this chapter will be devoted almost 
entirely to this subject. 

Usually the first step in the design of a girder is the selection of the 
web plate. In ord(T to do this, the maximum shear on the web must 
first be figured. It is also necessary to know the economic depth for the 
girder; and, furthermore, there are various practical points to be considered. 

It was previously mentioned that the web is generally assumed to resist 
the entire shear, and in most cases this is practically correct; but in 
shaUow plate girders with deep flanges the latter certainly help materially 
to resist shear. The error involved by the assumption, however, is on 
the side of safety. 

In detemuning the required area for shear it is not necessary to figure 
the net section through a vertical line of rivets; for the intendty allowed 
in the specifications of Chapter LXXVIII is so safe that the gross area of 
the web may be employed instead of the net area. This saves a little 
trouble for the designer by simplifying his calculations. It will lu arly 
always be found thut, if an economic depth of girder be used, the minimum 
thickness of web permitted by the specifications or that is in conformity 
with good judgment or with established custom will provide a sectional 
area in excess of that required for maxim-im shear. 

The question of economic depths for plate-girders is treated nt length 
in Chapter LIII. Fig. 2le gives values for various span lengths and 
various total loads per lineal foot of span. The depths there indicated 
are really the effective depths rather than the depths of the web plates; 
but (»dinarily the two figures are practically the same. Where no other 
factors control, the economic depth should be used. The web should, 
preferably, be so d&ep that the mininmm pennissible thickness specified 
hi Chi^pter LXXVin will furnish sufiScient area for the shear, and will 
not require the flange rivets to be too closdy spaced. The economic 
depths given in Fig. 2l6 will practically ahroys secure these results; but 
where the dearanoe beneath the structure is limited, it is frequently 
neces s a ry to adopt shallower girders. It will be found that a conriderably 
smaller depth than the strictly economic one can be used with very little 
sacrifice of economy, unle^ss ihv shear require an increase in the web 
thickness because of the smaller depth. 

The depths of webs should be in full im lies, if practicable — the ad- 
herence to even feet or half feet being preferable. The distance from 
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out to out of flange angles should be made at least one-quarter of an 
inch greater than the depth of web, and for wide weba three-dghtha (^) 
or even one-half (14) of an inch would be better. The reason for tfak is 
that the edges of webs are not always rolled or cut perfectly true; hence, 
if no variation were allowed for, they would ])ruject in places beyond the 
Hnn^e angles, thus either necessitatiiig chipping or else ^ving an unwork* 
uiaiilikr finish. 

Elt'ven foet is about as deep ii girder as can lie shipped over most 
railroads, and uo depth exceeding that amount t^hould be used without 



o MO MOQ ssm 




21e. Eooaomic Depths of Pkte-girden with Riveted i^Ki-ooimectuMMk 

invesligiitiiig the cienranccs ot the roads over which tlic girder must 
pass. Furthermore, the fabhcatioii of such deep girders is difficult and 
expensive. 

For girders over forty or forty-five feet long, it will be neeessaiy to 
use one or more splices in the web. The designing of these splices is 
discussed later in this chapter. The lindting dimensions of plates are given 
in the hand-books of the various steel manttfacturers-"for instance, in 
Carnegie's Pocket Companion. The number of splices should be as 
smaU as possible, notwithstanding the fact that extra krge plates com- 
mand a higher pound price than ordinary bridge metaL Thm are two 
sound objections to using short and light component pieces in the manu- 
facture of plate-girder spans: first, the additional metal required for the 
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qiiidiig; and, second, the loss of strength in the splices, notwithstanding 
every effort that ean be made by designing scientificaliy to reduce that 

l ^yjff to a tnwimttm. 

Much baa been written concerning the theory of stress distribution 
in the webs of idate-girders and on the proper location of the intermediate 
sttffeners; but all such theories are upset by the fact that many plate- 
girders having stiffeners only over the supports have carried heavy loads 

for years without nhowing any sign of buckling or overstress. This is no 
good musun, thuugii, tor the uniir>8ion of thefje cletails in plate-girder design- 
ing; for, in addition to their theoretical functions, they are useful in 
supporting the top flanges in deck spans, and they keep the web from 
injury by henciing during manufacture, transportation, and erection. 
The economics of crini])iiip: '^tiffeners is treated fully in Cluipter LIII. 
The imj)ortance of having stiffeners fit tightly against the flange angles 
of deckgirdt rs at both top and bott{)m cannot be too strongly emphasized. 
It really would not be imjx)rtant to have a tight fit at bottom, were it not 
for the fact that tightness at top is dependent thereon; therefore the 
stiffeners should go into place with a driving fit. The specifications for the 
spacing and sixes of intermediate stiffeners are given in Chapter LXXVIII. 

There are two methods of proportioning a girder to resost a given 
bending moment. One is by the use of the moment of inertia or section 
modulus of the entire section. If any rivet holes exist in ihe portion of 
the section which is under tension, the net moment of inertia is to be 
employed. instead of the gross, it bdng customary to conader the moment 
of inertia of the compression side equal to that of the tension side. In 
the other method, all of each flange area and one-eighth of the web area 
are assumed to be concentrated at the center of gravity of each flange, 
and the bending moment is considered to be resisted wholly by these two 
areas. The first of these methods is used for the design of I-beams and 
channels, or other structural shapes; while the second method is almost 
always employed for plate-girders. There is a tendency lor th(» extreme 
fibres of girders designed on this latter basis to have somewhat higher 
stresses than this average stress in the flange. In deep girders this excess 
is not appreciable; but in ver>' shallow built-up girders it must be taken 
into consideration, and such girders should be designed by means of the 
moment of inertia. 

The method of assuming that one-eighth of the area of the web 
is concentrated in each flange to resist bending is a very dose i^proodma- 
tion to correctness. If there were no rivet holes at all in the web (which 
is, of course, impossible), the allowance would be one-sixth ()^, and 
in eases where the webs are very badly chopped up by the rivet holes 
for attadung the intermediate stiffeners or the splice plates, it might go 
as low as one-ninth (79) . 

Splices in flanges should be dispensed with, if possible; but if they 
be uiiuvuidable, such spliceii bhuuld be staggered both with each utiier 
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and with the web splices in order that the joints in all the various com- 
poneiit parts of the girder may be separated so far that the acmes of 
compensation for the weakening effect of the fiplicing wilf never overlap. 
A good kxsaiion for a joint in a flange component is just beyond the point 
where a oover-plate would otherwise end; because oonlinuiiig the Btad 
cover-plate beyond that point it will suffice for a rdnforoing plate, provided 
that Hs sectional area-be great enough. If not, an additional short cover* 
plate or splice-an^e will have to be employed. It Is rarely neoessaiy to 
splice flange angles, 8" X S'^ anfl^ 130 feet long having been secured 
for some recent ^'^^^'Bi. 

The nmplest form of flange consists of two angles, as shown in fig. 21/. 
This type should generally be adopted wherever sufficient sectional area 
can be obtained without the use of unduly hciivy angleis — say 0" X 6" 




Fig. 21S, Via. 2lg, Fto. ,21A. Fiq, 21i. Fto. 21/. 

Topical Flange Seotioss. 



X as a maximum. It is true that the emplojrment of oover-idates 
and angles for smaller sections will save a small amount of metal, but 
considerable additional riveting will be required, which will offset a portion 

of the saving; and, in the case of girders carrying ties on the top flanges, 
the rivet heads in the horizontal legs are undesirable. For light sections, 
in which angles smaller than 0" X 6" are ciiipioyed, it will be necessiiry 
to test the rivet pitch requireil at the ends of the girder, as frequently a 
pitch r()nsid('ral)ly less than 3" will be neetied, and then the adoption 
of a double gauge-line is obligatory. For such sc<'ti(^]i^ two 5" X 3}-^", 
6" X 3)4", or 6" X 4" angles ^\nth the shorter le^s outstanding should 
be used. Where the single gjui^e-line is sufficient, it will be well to employ 
unequal-legp^ed angles with the longer legs out, as thereby the bracing 
points can l>e placed farther apart, or, in case tiiat the positions oi bracing 
points are fixed, the allowable stress In the compression flange can be 

* ^ ^ ^ 

For flanges in which two 6'' X 6'' X angles fail to give sufficient 
area, the section most generally used consists of two anises with cover- 
plates, as shown in Fig. 2lg, Two fi>" X 6" angles with cover-plates 
wide should be employed for lighter sections, and two Bf' X 9^* anises 
with cover-plates W or W wide for heavier sections. When two 8^' X 8'' 
X 1 H" angles fail to give a sufficient proportion of the area in the angles, 
two vertical side-plates under the angles should be adopted, thus producing 
the form of flange shown in Fig. 2lh, Ordinarily the width of these side- 
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plates should be 12", but for ver>' heavj' flanges they may have to be 
wider. The cover-plates may Im' made as wide as 24", if necessary. If 
^till more section should be required (which would very rarely happen), 
the type of flange shown in Fig. 21 i could be u.sed. It would be best to 
make the angles which rivet to the cover plates 8" X 8" X 1", and the 
others 6" X 6" X 1''; however, four 8" X 8'' angles oould be employed, 
if necessary. 

Table 21a gives good working limits for the various fypes of flanges. 



TABLE 21a 

LnaTDiG SscnoNB iob Vabioub Ttpbb of Gibdeh Flanou 



2L 


Maximum 


Dimetudoni 


OrcMiSMtkm 
in 
Sq. Za. 


Net Section in Sq. Iiu, 
2-1" Huiw Out of 


2aQg|eB 


Max. 


2 L' 6"X6"XM" 


16.88 


13.88 




Bfln. 


9 1 » Vfi" V l i." 
^ 1, O AO A >2 

1 oomiilate W'XH" 


5.25 


4.50 








16.75 


14.00 


n OOvCrfMSUB. 


Max. 


Z t) A <> A 1 S 

2 cover-plates 14"xH" 


IS . lo 

17.50 


1 ^ . \h3 

15.00 








35.68 


29.98 




Mia. 


2 L' 8"X8"X5^" 

2 oover-i^t6B 18"X A" 


19.22 
15.75 


10.72 
14.00 


2-8" X8" L' 






34.97 


30.72 




Max. 


2 U8"XS"X1N" 

3 cover-plates 18" X^" 


33 46 
40.50 


28.04 
36.00 








73.96 


64.94 




Min. 


3ooTeiwplateB20^'Xii " 


33.46 
41.25 


28. U4 
87.12 








74,71 


66.06 






2 L*8"xs "XIK" 
3GOveiwplates20"XH'' 


33.46 
48.75 


28.94 
43.88 








82.21 


72.82 



A thickness of /le" is selected as the maximum for the 0" X 0" angles 
^ith cover-plates, as thicker metal will have to be drilled; and in nuuiy 
cases it would be best to make the 6" X 6" X angle the limit, as 
"iV metal is a trifle heavy for punching. The area of cover-plates is 
taken the same as that of the angles, for this proportion should, preferably, 
not be exceeded. The 8" X 8" X angle is the thinnest 8" X 8" 
ftogle that should ever be used in a compression flange, unless there be a 
fan-length oover-plate; and generally ^/u'' should be the minimum, as 
the ii" thickness is a trifle under the specification reqmreme&t. The 
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TABLE 

CENTltES OF GRAVITi- AND GrOSS AND NeT 
DISTANCE OP CENTRE OF GRAVITT FROM .BACK OF ANGLE IN INCUEis 





H 


H 


H 


1 




V 


X 


V 


X 


y 




• 


X 


M 


X 


w 












'7 'J '7 











* • ■ • k 


.... 


1.73 




L7S 




1.82 




1 sr, 






* « « « V 


... 

— 


1.48 




1 52 




1.57 


• * fe * • 


I »»i 










1 23 




1 27 
















1.10 


.... 


1.15 


















096 


















1 47 


2 r, 2 


1 'i2 


2 •)(. 


] .-)••. 


2 01 


1 (il 


2 (i '» 






• • » ♦ » 


(t 7S 


2 ')7 


0 S2 


2 H2 


0 S7 


2.(i<) 


0 01 


2 70 








(1 <I1) 


2 (13 


1 m 


2 OS 


1 OS 


2 12 


1 12 


2 17 


1 17 






<1 R'{ 


2 13 


(».KS 


2 l.S 


(1 M3 


2 22 


0 


2.26 


1.01 




» « » * * 


1 ()7 


1 t;2 


1 12 


1 


1 Itl 


1 71 


1 21 










U.9i 
0.75 

1 (XI 

0.88 


1.70 
1.80 
1 2'.i 
1,37 
1.17 


U.'Jj 

0 80 

1 04 
0.S7 
0.^2 


1.75 
1.84 

1,34 
1 42 

.... 


1.00 

0 84 

1 (i*< 
(1.92 
0.96 


1.70 


1 04 








« * * * ■ 




















• « • • « 



































8X8 
6x6 
8x5t 

4X4 

3X3 

8x6 
7 X3^^ 
6 X4 
6 X3' .i 

5 X 4t 

6 X3H 
6 x3 

4 X3«;5 

4x3 
3)i X3 



I G4| 

I 3d] 

1 14 
1.01 
089 



1 m 

2 tM 
1 .-,3 
1.61, 

i.7o; 

1 21 
1.28, 
1.08 



0 94 
(I 7S 

1 (13 
0.86 
0.70 

0 '.Mi 
0.78 
0.83 



2 10 

1 08 

I 43 

1 IS 

1 U6 

0 93 

2 47 
2 'i\ 

1 IKI 

2 tkS 

1 :u 

1.60 
1 7.5 
1 2.". 
1.33 
1.13 




CofG 



GBOeS ABIA8 OP 2 AN0LB5 IN SQUARB INCBBS 



8 x8 
6x6 

6x5t 

4x4 
X3|i 

3 x3 
8x6 

7 x34 
6x4 
6 X3':. 

5 x4t 

6 X3>^ 
6x3 

4 x3i ,j 
4 x3 
3) i X 3 



5.12 
4.80 

\ .^>() 
4 IS 
3.8(i 









* « » * 


8,72 


10.12, 




7 22 


8.36| 


4. HO 


h :-2 


(i (i2 


4 18 


4.96 


5.74| 


3.56 


4.22 


4 86l 



9 

7 
6 
5 

'13 

S.^O 10 



I 



22 
82 

4(1 
10 
72 
34 
'.»t. 
60 



30 
94 

7.06 
6.62 
6.18 

5.74 
5,30 



.'>0 17 
50il2, 
50] 10 

.00 s 
50| 7. 

m\ 6 

.■>o I.") 
(Xf II 
aOrlO 

oojio 

00, 8 

50 8. 

00 7, 

.f^n' 7. 

ou, 0 



3(i l<» 
86,14 

mi 

.3«i 9 
24, 
12' 
12 
IK 
62, 



06'11 

.'jO 1(( 
•J4 0 



36 
80 

24 
68 



I U.OUj U.UUj W.UO| « 



22 21 
22,15 
72fl2 
22 1(1 
'J6| 8 
72l.- 
72 IS 
34 13 
72.12 
1012 
4Ci 1 1 
84 10 
22' 10 
(►(I [) 
s 

34, 8 



ih; 22 
56,16 
80|l3 

(M'> 10 
68, 0, 



SS 24 CjS 26 40 2K 24 30 00 31 .74 33.46 

88, 18. 18, ly. 48 20, 74 22. 00, 

88|l4 94| 15.96 17.00| 18.00 

S.V 1 1 tiS . . , 

38, 10. 06,..., 



30 111 
.")() 14 
80,13, 

I2|l3 

44 12 
74 U, 
06^0 

3(1 10 
\\\ ',» 
IXJ 8. 



.SS 21 
<12 l."» 
88,14 
12|l4 

3.S i;^ 

(j2,12 
88111 
12 10 
3S ]l) 

62, U. 



44 
74 II 



90 24 .')(I2(>.(X) 
K4 17 *M lO.fJO 
W, 15. 90, 17.00 18.00 
12| 15. 10 16.06 17.00 

30 14 22I. 
5(j,13 34 

fiSl 

,sr, 

(Hi . , . . , 
24 



f Dtfleult 10 obtaiD. 
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216 

Areas of Angles for Girder Flanoes 

net areas of 2 angles in square inches — 2 1-inch holes deducted 



Size 



8 x8 
6x6 
5 X5t 
4x4 

3 x3 
X6 
X3>4 
X4 
X3H 
X4t 
X3H 
X3 

X3H 
x3 



8 
7 
6 
6 
5 
5 
5 
4 
4 



3H x3 



4.17 

3.55 
2.93 



4.49 
4.17 
3.87 
3.55 
3.23 



7.97 
6.47 
4.97 

4.21, 
3.47 



7/w 



6.47 

6.07 
5.71 
5.35 
4.97 
4.59 
4.21 
3.85 



i/a 



Wl6 



14 
9.24 10 
7.48| 8 
5.74 
4.86 
3.96 



7.92 
7.48 
7.06 
6.62 
6.181 
5 74 
5.30 
4.86 
4.42, 



6 
5 
4 
12 

9 
8 
8 
7 
7 
6 
6 
5 
5 



.5016 
.50 11 
.50 9 
.50 7 
.50 6 
.50 5. 
.5014. 
.00 10 
.501 9. 
.00 8. 
.50; 8. 
.00 7, 
.50 7. 
.00 6 
50 6 
.00 5 



S/8 



2317 
73 12 
50 10 



i>/ift 



23 
11 
00 
00 



7 
6 
5 
15 



19 
14 
11 
8 
7 



m 11 

50 10 

93, 9 

37, 9 

81 8 

23 7 

67 7 

11 6 

53 6 



97 
97 
47 
97 

47i . . , 
47,16 
09 12, 
47 11 
85 10 
21 10 
59 9 



»/4 



1 



n/i6 



68 21.38 23 .05 24 .71 26 36 28 00 29 62 31 
18 15 .38 16 55 17 .73 18 .86 20 00, . . . . 
13 31 14.21 15 12 16.00 .... 



43 12.38 
68 
30 



9 38 10 05 
7.88 8.43 



97 
35 
71 
09 



92 18.38 19.82 21.21 22 6224.00 
1213.12 14 
42 
74 
06 
36 
68 
98 
30 
62 



10.88 11 67 
10.12 10 87 
9.38 10.05 



15 09 16 06 


17 00 


14 21 15.12 


16 00 


13 35 14.18 


15.00 


12,47 




11 59 





8.62 

7,88! 
7.12i 



9.23 
8.43 
7.61 



n/8 



21 



NET AREAS OF 2 ANGLES IN SQUARE INCHES — 4 1-INCH HOLES DEDUCTED 



StZS 



8x8 
6x6 

5 X5t 
4X4 

3« X 3H 

3x3 

8x6 

7 x3}4 
6x4 

6 x3>4 
X4t 

xVA 
X3 

xZH 
X3 



3H X3 



3.55 
2.93 
2.31 



3.87 
3.55 
3 25 
2 93 
2.61 



S/8 



7.22 
5.72 
4.22 
3.46 
2.72 



5.72 
5 32 
4.96 
4.60 
4.22 
3 84 
3 46 
3.10 



7/w 



8.37 
6.61 
4.87 

3.99i 
3.11 



»/3 



7.05 
6.61 
6.19 
5.75 
5.31 
4.87 
4.43 
3.99 
3.55 



13 
9 
7 
5 
4 
3 
11 
8 
7 
7 
6 
6 
5 
5 
4 
4 



a/8 



5015 
5010 
501 8 
50 6 



50 
50 



50 12 
001 8 
50 8 



00 
50 
00 



.11 16 
61 11 
37 9 
.11 6 
99 5 
.87| 4 
88 14 
.93 9 
37 9 
81 8 



"/16 



72 18 
72 12 
•22 10 
72 7 
46 5 
22 .. 
20 15 
84 10 
22 10 



3/1 13/16 



7/8 



>Vl8 



n/i6 



31 19 88 21 43 22 96 24 49 26.00 27.50 28.94 

81 13 88 14 9.3 15 98 17 00 18 .00 

05 10 88 11 69 12 46 13 25 14 .00 
43 



31 
93 



7.88 
6.38 



8 
6.81 



25 
69 



50 6 



00 

5o; 

001 



11 6 
55 6 



.99 
.43 



60 
96 
34 
72 
10 
46 
84 



55' 16 88 18 20 19 46 20 75 22 .00 
75:11 62 12 49 13.34 14. 19 15.00 
05110 88 11 69 12 .46 13 .25 14 .00 
37 10 12 10 87 11.60,12 .31 13 .00 
69 9 .38 10 05 10 .721, 
99 8.62 9 25 9.84!. 
31 



61 
93 
25 



8.62 
7.88 
7 12 
6 38 
5.62 



9 25 
8.43 
7.61 
6 81 
5.99 



11/8 



t Difficult to obtain. 
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TABLE 2le 

GoVlB-PLAnB VOB OlBDBBB 
AMD WDOHm FBB LllfBAL FoOT 



14-1 



Wt. 

per 
?\>ot 
Lbii. 



Area 
Sy. Lsa. 



Groas 



2.97 

5.95 
8.92 
11.90 

14.88 
17.85 

20.82 

23 80 

26 78 
29 75 
32.72 
35.70 

38.67 
41.65 
44.63|13.125 
47.60 14.000 



0 875 

1 7.50 
2.625 
3.500 

4.375 
5.2501 
6.125 
7.000 

7.875 
8.750 
9.625 
10.500 

11.375 
12.250 



50.57 
53.55 
56.52 
59.50 

62.47 
65.45 
68.42 

71.40 

74 37 
77.35 
80.32 
83.30 

86.27 
89 25 
92.22 
95.20 28.000 



14.875 
15.750 
16.625 
17.500 

18 375 
19.250 
20.125 
21.000 

21.875 
22 750 
23.625 
24.500 

25.375 
26.250 
27.125 



98 17 
101.15 
104.12 
107.10 



28.875 
29.750 
30 625 
31.500 



Net, 
2 1"- 
Holes 
Out 



0.75, 
1.50 
2.25' 
S.OOj 

3.751 
4.50) 
5.25 
6.00 

6.75! 
7.50: 
8.25! 
9.00 

9.75' 
10.50 
11.25 
12.00 

12.75 
13.50 
14.25 
15.00 

15.75' 
16.50 
17.25' 

is.ooi 

18. 75' 
19.50 
20.25 
21.00 

21.75 
22.50 
23.25 
24.00 



Wt. 

per 
Foot 
Lb*. 



.\rea 
S«4. In8. 



3.40 

6 80 
10.20 
13.60 

17.00 5m 
20.40; G.CXX) 



Net. 
2 1*^- 
Hokis 
Out 



1.000 0.875 

2m) ] 750 

3.0001 2.625 
4.000 3.50V 



23 80 
27.20 

30.60 
34.00 
37.40 
40.80 



7.000 
8.000 

9 000 
10.000 
11.000 
12.000 



44.20'13.000 
47.60 14.000 



51.00 
54.40 



15.000 
16.000 



57.80 17.000 
61.20 18.000 
64 00' 19.000 
68.00 20.000 

71.4021.000 
74.80 22.000 



78.20 
81.60 

85.00 
88.40 
91.80 
95.20 

98.60 
102 00 
105.40 
108.80 



4.375 
5.2S0I 
6.125 
7.000i 

7.875' 
8.750 
9.6251 
10.500 

11.375' 
12.250 
13.1251 
M.OOOj 



18-UKtt 



wt, 

per 

!• (Hit 

Lbs. 



3.83 
7.65 
11.48 
15.30 

19.12 
22.95 

26.78 
30.60 

34.43 
38.25 
42.08 
45.90 

49.72 
53.55 
57.38 
61 



14.875 65.02 

15.750 68.85 

16.625 72.68 

17.5001 76.50 



23.000 
24.000i21.000 



24.75 112 20 
25.50jill5.60 
26.25 119.00 
27.00 122.40 



18.375 80.33 
19.250I 84.15 
20.125 87.98 
91.80 

25.000 21.875 95.63 

28.000 22.750 99.45 
27.000 23.625 103.28 
28.000 24. 500j 107.10 

29.000 25.375, 110.93 
30.000|26.2SO| 114.75 

31.0fvt :7 125 '118.58 
32.00U 28.000ill22.40 



Sli. iNS. 



Gross 



2018 



1.125 
2.250 
3.375 
4.900 

5.625 
6.7501 

7.875 

9.000 

10.125 
11.250 
12.375 
13.500 

14.625 
15.750 
16.875 
000 



Net, 
2 1''- 

Hules 
Out 



33 000 
34.000 
35.000 

36.000 



28.875 126 23 
29.750 1 130. 05 
30.625||l33.88 
31.500 137.70 



19.125 
20.250 
21.375 
22.500 

23.625 
24.750 
25.875 
27.000 

28.125 

29 2,50 
30.375 
31.5001 

32.625 
33.750 

34 875 
36.0001 

.37.125 
38.250 
39.375 
40.500 



141.53 



145 35 



41 625 

42 750 
149.18 43.875 
153.00 45.000 



156 83 
160 65 
164.48 
168.30 



46.125 

47 250 

48 375 



1 00 

2 00 
3. 
4 



20-iNca 



Wt. 
per 
Foot 
LbB. 



4.25 
8.50 
12.75 
17.00 

21.25 
25.50 
29 75 
.34 00 

38 25 
42.50 
46.75 
51.00 

55.25 
59.50 
63.75 
68.00 

72.25 
76.50 
80.75 
85.00 

89.25 
93.50 
97.75 
102.00 

106.25 

110.50 
114.75 
28.0Olll9.00 



5.001 
6.OOI 

7.00 
8 00 

9.OO1 
10.00 
11.00 
12.00 

13.001 
14.00 
15.00 
16.00^ 

17.00 
18.00 
19 00 
20.001 

21.00 
22.00 
23.00} 
24.001 

25.0J 

26.00 
27.00], 
00 



Area 
Sq. Ins. 



GnM> 



1 25 
2.50 
3.75 
5.0D 



6 

7, 
S 

in 

11 
12. 
13. 
15. 



25 
50 

75 

m 



Nat, 

Holai 

Oat 



1.125 
2 250 
3.375 
4.500 

5.625 
6.750 

7.875 

9 000 



10 125 
50 11.250 



75 
00 



12.875 
13.500 



16.25 14.635 

17 .50 15 750 



18.75 



20.00 18.000 



21.25 
22 50 



16.875 



19.125 
20.280 



23.75 21.375 
25.00 22.500 



26.25 
27.50 
28.75 
30.00 



23.625 
24.750 
25.875 
27.000 



29.00,1 
30.001 

31 00' 
32.00| 

33 00 
34.00, 

3sm 

36.00j 

37.00I 

38.00 
39.00 
40.00' 

41 00 
42.00 

43 m 



31.25128.185 
32.50 29.860 
33.7530.375 



35.00 



123.00 
127.50 

131.75' 
136.00| 

140 25' 
144.50 
148.75 
153.00 

157.25 

u'A .-n 

163.75 
170.00 



31.500 



36.25132.625 
37.5ffl33.7S0 

38 75 .34 875 
40.00j36.000 

41 2,V37.125 



42.50 
43.75 



46.25 



38.250 
39.875 



45.0040.800 



41 



47 50 42 750 
48.75|43.875 
50.00 45 000 



49.5C)0j 44.0Q|j 



174.25 
178 50! 

187 



51.25[46.125 

52 50 47.250 

53 75 48 375 
.OOj 56.00|49.500 



lb 
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4SIS BRIDGE £NGIN£BRING Chaptbb XXl 

8" X 8" X IH" angle is the maximum that can be obtained, and the 
maximum cover-plate area is governed by the requirement that not more 
than sixty (60) per cent of the flange section is to be in the cover-pliites. 
Where three 18" X ^f" cover-plates fail to gi\ ( sufficient area, the employ- 
ment of cover-plates 20" wide is to be preferred, in order to keep down the 
number of these, and also the total thickness. The piling up of 
cover-plates is bad practice; first, because the rivets become so long that 
they do not fill the holes propedyf and second, because it is very difficult 
to distribute the stress uniformly over a section composed of a mass of 
cover-plates. 

In order to facilitate the designing of flangesi Tables 215, 21c^ and 21d, 
and Fig. 21X; have been prepared. Table 216 gives the position of the 
centre of gravity ctf any angle; and also, for two angles, the gross areas, 
the net areas with one one-inch hole out of each angle, and the net areas 
with two one-inch holes out of each angle. Table 21c gives, for various 
cover|>lates, the weights per lineal foot, the gross areas, and the net areas 
with two one-inch holes out. Table 2ld shows the positions of the centres 
of gravity of flangas composed of two angles witli covt r-plates. Fig. 2U 
shows directly the various coinl^inaliuns of auglt s and covor-plates that 
will ^;i\'<' tuiy desired net sectional area. The com) )inat ions for which 
one-half of the flange area will be in the cover-plates are indicat^'tl, a.s are 
also those for which sixty per cent thereof is in the said cover-plates. 

Some engineers reciuire that the first cover-plate of a flange shall extend 
the full length of the girder, but the author sees no gooil reason for such 
a requirement. The idea in it apparently is to distribute the load from the 
ties over both angles of the top flange, and then to make, as usual, both 
flanges alike; but it would be far better to support the top flanges effec- 
tively by using stiff eners with long outstanding angle-legs. It has been 
claimed by some that the cover-plate prevents the brine drippings of 
refrigerator cars from working down between the flange angles and the 
web; but the author has never seen any trouble of that nature from this 
cause, although the t<^ of the flanges are frequently rusted thereby. 

When cover-plates fourteen, eighteen, or twenty mches wide are used, 
there should be four lines of rivets fastening them to the flange angles, 
those in the two inner rows being staggered with those in the two outer 
rows. When twenty-two or twenty-four inch cover-])lates are adopted, 
this same riveting should be used, and, in addition, there should be a line 
of rivets along each edge of the eover-plates outride of the angles. 

The fact that the rivet hi\n(ls in the cover-plates are undesirable wlu n 
til s it st directly on the top flange hiis already been mentioned. For this 
reason a number of railways specify that for hrid-;*^ of tlils ty])e cover- 
plates shall not 1>< u-rd for the top flanges. When designing girders to 
meet tins re(|uirein(nit, light flanges should be made up of two angles; 
and when the required areas are greater than can be provided for in this 
manner, the bottom flange should consist of two angles with cover-pIateB» 
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and the top flange of four angles eitlier with or without side-platee, ar- 
nuged as shown m Fig. 21j. The distance from back to back of the 
two pans of ancles should be about one^ialf of an inch greater than the 
sum of the lengths <tf the two vertical legs, in order to provide for possible 
overruns of the angles. Table 21e shows the manner in which such flanges 
may be built up. 

TABLE 21e 
Maxb-xtp or Flakobs Withoot Covbr-Platm 



TJgMjf 


DimaiMioaa of 


Gross Section 
in 

Square inches 


Distance Back to 
Back of Ani^M 
inXiMkw 




2 L'6"X6"XH" Buudmum 


19.48 




2L"«"X6"X(K"-^")... 


19.8i^22.lMi 


2 L " 8"X8"X('i"-^h"). 


22 88-26 46 

mm mm * V-^v' mm^w « A VF 


4 L' and rid^filateB 




19.00-27.76 


w 


2 L* 6"xo"x(H'-5^").. 

2 L' 6"X4"X(H"-H") 
8J^" side-plates 


11.60-16.88 
9.a0-13.88 




4 L* e"x6"x(ii"-}r') 

IW' Bide-platflB 


31.1M6.96 


12>^" 


4 L' 8"X6"X(ir'-l") 
1^' ade-platw 


36.60-52.00 




13H" «d«-plfttc0 


52.l>4-<k>.y2 





The use of very heavy angles for the two-angle flanges is justified in tliis 
case, as it allows both flanges to bo alike, thii.s simplifying the shopwork, 
and also gives a greater effective depth for the same web than does the 
four-angle flange. The 8" X 8" angles should not be usetl for shallow 
girders, however, ^^^lenever unequal-It '^^^ed angles are adopted for either 
type nf flange, the longer leg is to be outstanding. The 6" X 4" :ui^;lf's 
arc preferable to the 6" X 0", as for the same web the effeetive depth 
is greater. However, it will sometimes be impossible to place enough 
rivets in the upper pair of a four-angle flange when the 6" X 4" angles 
are used, and in that case the 6" X 6" angles must be employed, keeping 
the lower angles 6" X 4" if possible. The x 6" angles are preferable 
to the 8'' X 8'^ as they make the effective depth greater. 

With flanges of the type shown in Figs. 21i and 2\j it is impossible 
to make the stiffening angles continuous for the full depth of the web, 
for they must be cut at the inner angles of each flange, as shown in Fig. 
21t9. The stiffeners must fit tightly between the angles of the flanges. 
It is the author's practice to insert ^ort stiffeners in the top flange mid- 
way between consecutive main httermediate stiffleners, so as to support 
the ties effectively. Owing to the discontinuity of all of the stiffeners, 
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there is a horizontal Hne of weakness in the web just inside of the inner 
pail 1)1 angles in each flange; but the detail of the sway frames shovvii in 
Fig. 21 ir, which the author always employs for girders with this type of 
flanp;o, will (overcome this w(*akness, if it really exists. 

As the allowable stress in the compression flange is dependent on the 
I 

ratio where I is the distance between the points where the flange is held 

in line transversely and b is the flange width, economy will evidently be 
secured by l)racing it at rather short intervals. It is further required by 
the specificatioiLs of Chapter LX XVIII, however, that the section of the 
compression flange shall not be less than the gross section of the tension 

flange. Table 2 ]/ gives, fur flanges of various types, the ratios ^ and lengths 

I at which the required area of the compression flange will about equal 
the gross area of the tension flange. The values are approximate only, 
as the correct ones vary somewhat with the changes in the thickness of 
metal, and in the proportionate amount of flange area furnished by one- 
eighth of t he web. It will be found, though, that small variations in the 
length will have but little effect on the required sections, and that lengths 
sonit what greater than those given in the table can be used with httle 
or no loss. 

TABLE 2V 

Tabls of UMsxTPPomD Lkiqvbs of Top Flangbb for Which rtm Bamb Oaom 

Area is REQtnRED in Tension' and Compression 



ion o( 



ofl" 



I 

T' 



VaLITE op I IN FBBT 

worn Tor Flaimb 





Top HaTige 

SaoM u Bottom 


8.5 


12.8 


9.0 


12.3 


4.7 


6.4 


8.9 


13.4 


10.5 


14.3-10.8 


5.8 




11.0 


12.8 


12.4 


12.8 


6.2 


6.4 


7.5 


7.7-.';. 2 


8.0 


8 2-1 . U 


8.3 


7 2-5.0 


8.7 


7.5-4.6 


8.2 


5.7 


^.0 


6.6-5.8 


10.2 


7.1-5 4 


10 2 


fi 2 


11.1 


1 6.iy-5.9 


12.0 


6.4 



Speciiil Top 
Flmoflis 



2-8" X8" L' I 
18" covcr-plates S 

2-«"X8" L' 

2-8" X8" L' 

2-8"X6"L' i 
18" cover-platoa S 

2-8"X6"L*-..... 
2-8"X6^ r. 

2-6"x6"L' I 
14" covcr-plates ) 

2-6" X6" L* 

2-6" XO" L* 

2- 6" X4" r» 

3- 6" X3H" L' 

2 .V'X3" L' 

2-4" X4" L* 

2-4"x:r' V 

2-3H"x3> V L'..- 
2-3H"X3" L' 

xa" L' 



2 out of each plate and ^ 

2 out of f'iif'h L 

1 out of each L 

2 out of each plate and L 

2 out 
lout 

2 out of flieh plate and L 



of each 1 < 



2 out 

1 out 

1 out 
1 out 
1 out 
1 out 

1 out 
1 out 

1 out 
1 out 
1 out 
1 out 



of each L . 
of each 
of onch 
of v.u-h 
of each 
of each 
of each ^. 
oC Moh 
of eiich 
of ejn h 
of each 
of each 



8"LM1.6 



8" L-12.1 



6"LM1.4 
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In Table 21/ the iralues for flanges with angles and oovei^plates a»- 
siime six-tenths (0.6) of the flange area to be in the oover-plates. The 

ratios for the same angles without cover-plates also appear in the tables; 
and for var>'ing proportions of cover-plates the ratios can be found by 
mtt'r]K)latiou. Fur angles smaller than G" X 6" whiili have two holes 
out of each angle, either with or without cover-plates, the ratio will exceed 
twelve; and, therefore, no values are given in the tiible. 

Ill the design of a llange for a girder, the maximum bending momnit 
is first figurwl. The depth of the girder is then determined in the manner 
previously ex])laiiied. The type of fl;niu;o to l>» used is next deeid('<l 
upon. Then the ]>()siti()ns of the centres of gravity of the flanges must 
l^ found. For flangeii of two angles only, these can be taken from the 
manufacturers' handbooks or from Table 216. For flanges composed of 
two angles and one or more cover-plates, the values can be taken from 
Table 2ld. For four-angle flanges or for flanges witli side plat«s, the dis- 
tances will have to be calculated. In case the centre of gravity lies be- 
yond the backs of the angles of the flanges, it should be assumed to be at 
that point instead. After the centres of gravity of the flanges have been 
4eieramied, the effective depth d (the distance between centres of gravity 
of the flanges) is flgured, and then the maximum flange stress ia conqmted 
fay the f onnuh^ 

lEq,21 

Then tlie re(|uired areas of the tension and the compression flanges are cal- 
culated by the formulae: 

S 1 

Ai = jr - [Eq. 3] 

in which .1/ = required net area of tension flange, 

Ac = recjuired gross area of compression liauge, 
Ato = gross an-ji of wel), 
ft — permisNibic tt iisile unit stress, 
fe = permissible compressive unit stress. 
It is iissumed, of eouise, that the ]>oints at which the top flange is to be 
stayed liave already brm drterniincd, discussed previously. 

The two flanges are now to be sectioned, taking into account all of 
the factors hereinlx-fore noted. 

The rivet pitch requirtnl at the ends of the girder must be determined 
iKjfore the make-up of flanges is finally settled, as it may influence the 
choice of the section. The principal function of the rivets connecting the 
flange to the web at any point is that of developing the flange increment 
at that particular point, which increment [ilwa}rs acts in a direction parallel 
to the flange. Th^ are frequently called upon to perform other duties, 
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such as transferring to the web vertical loads resting on the top flange, 

h( Iping to develop the bending strength of the web at a spHce, and trans- 
ferring to the web the radial component of the stress in bent or curved 
flanges. 

For girders with parallel flanges, the flange stress increment AS pej' 
lineal inch is given by the formula^ 

A 5 = ^, [Eq. 5J 

where V * shear at the section, 

and d * effective depth at the section in inehes. 

The required rivet pitch p, in inches, is then given by the ezixression, 

where r = the strength of one rivet (usually in bearing on the web). 

For girders with flanges not paiallei, the flange increment depends 
on the moment M at the section as well as upon the shear V. For a gir- 
der with V and M acting in the directions shown in Fig. 211, and with 
flanges inclined as therein indicated, the values of the flange increments 
may be derived in the following manner: 
































1 ■ — - — —•»« 





Fia, 21L Girder with Inclined Flanges. 



LetM 




moment at section, 


V 




shear at stx-tion, 






tangent of inclination of top flange, 


at 




tangent of incUnation of bottom flange, 






depth in inches at point 0, distant x to right, 


d 




depth in inches at section, 


8i 




stress in top flange, 


St 




stress in bottom flange. 



Then we have 



d - + (oi + Of)*, 
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and iSa = — -. [Eq. 9] 

a 

DiHerentialmg with respect to x, we have 

^ = ai + aa. [Eq. 10] 



fd— - M ^^'^ 
dSi ,— — '{ dx dx 



y V l + a,'- Si(oi + a,) 



lEq. Ill 



These equations give the values of the flange increments piT inch in 
tbe direction of x. The values A Si and A St per inch along tiie flanges 
are ffvm by the oqiraaioDS, 

A^i- , lEq. 131 

and 

ai H- oj 



A3. P^^' lEq. 141 

The pitch pt, required in the top flange in a #reetioii parallel to « is then 

while for the bottom flange it is 

The pHohes measUied along the flanges are 

i 



ft = . ^ lEq- 171 



^-^Wl4-a^ 
and 

nl 

|k « ; . 

V « + 

VI + oa* 



LEq. ig 
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In case the top flange is horizontal (which is usually true) Ot » 0, and 
the above equations then take the form, 

and p» •= — . lEq. 21] 

V — & - — ^-=^ 

The actual shear m the web, F«, at the aectkm is 
y, , y - S. -St-^v_^, -y- + ««)' IEq-221 

V 1 + ai* V 1 + Oa'' » 

If the top flange be parallel to this equation becomes 

V 1 + oa* a 

One special case should be noted, viz., that in which there is only 
one force to the right of the section, which is therefore equal to F. In 
this case the location of the force should be chosen as the point 0, and we 
then have 

M « Vx, (Eq. 24] 

^^VeJI±R^ [Bq.26l 



a 

The values of the rivet pitches then become 

rd 



F V 1+ai* [ai + (hj 

ft P» - [Eq. 29] 

The shear on the web, is 

F« - y [l - -|(ax 4- a,)]. [Eq. 30] 
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If the top flange be parallel to z, the above equations become 

Pn - Pi •= = Yd.' 

^ - m JT+ 0," 

and r.-F(l-^). (Eq.8iq 

If the flange meet at the point 0, ao that and d » « (oi + 

ft» " PI. - 1% - - IBq. 341 

and « 0, [Eq. 35] 

In this case, therefore, the shear on the web is zero, and since the 
requirtnl j)itch of rivets is infinite, the flange stress increment is zero. 

The directions of the inclinations, shears, and niomenls liave l)e;'n 
chosen to corresjx)nd to those usually found in cantilever beams supported 
at the left of the section, these beams being tlie only ones for which these 
formula) will often be used. They will usually have the top flange hori- 
sontal, and generally there is quite a stretch near the end which has a con- 
centrated load at the outer end only, whirls explains why formuUe for 
thoee special cases are ^ven. In case the inolinatiQii of a flange is oppo- 
site to that shown in the sketch, a will become minus. If both V and 
M become opposite in direction, the fonnuke will still apply unchanged; 
but if only one of them is changed, the minus sign following the V in 
«bch denominator will become plus. If M reverses hn dufeetioiii the 
aiTows indicatmg the direction of 8% and 3i are to be revened. 

The pitch p in. inches required to support a vertical load on a flange 
is given the f onnula 

in whicii r = strength of one rivet, 

w = uniform load per lineal inch, 
W = a concentrated load, 
and I = length in inches over which the concentrated load is 

to be uniformly distributed. 
In general, there will be acting on any rivet the force from the flange 
increment, as well as that from the vertical load. If we call the pitch 
requured for the flange increment pk, and that for the vertical load |V, we 
have, for a horisontal flange, 

[Eq.371 

where p = \n\v\\ recjuired for both flange increment and vertical load. This 
may be put in the form 

Vpfc* + Pb* 
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The enme in the vtppeat part of Big. 21m give valueB of p for various 
values of Pk tatd 

When a flange is curved to a radius R, the radial force F per lineal inch 
is given by the fonnula 

F'-jf • lEq.391 

where »S = flaiigo stress, 

and A' = radius in iiiclics. 

The pitch required is then given by the formula 

rR 

p = -g' 

where r = strength of a rivet. 

This load should be treated in the same manner as a vertical load 
resting directly on the flanges. 

The preceding discussion on rivet-pitches has applied sjiecifioally to 
the rivets connecting the angles to the web, and to those in tlanges com- 
posed of two angles or of two angles and one or more cover-plat/es. After 
the angles are fully developed, the flange increment must pass entirely to 
the cover-plates. Generally, sufiicient rivets for this purpoee are employed 
as a matter of detail, because the rivets through the cover-plates should 
line up with those in the angles, thus giving two single shear rivets to 
one in bearing on the web. This point should not be overlookedi how- 
ever. It will frequently be found possible to make the rivet spacing in 
the cover-plates double that in the flange-to-web connection. But at 
each end of each cover-plate doee spadng isrequired by the specifications 
of Chapter LXXVm. 

Where side-plates are used under the angles, they will project beyond 
tbem, and hence there wiU be rivets through the side-plates and the web 
only, in addition to those that pass through the flange angles also. In 
the end portion of the girder all of these rivets will count in bearing on 
the web. After the angles and the side-plates are fully developed, all 
of the flange increment must go to the cover-plates, and the pitch wW^ 
be governed either by the bearing oi all of the rivets on the girder web, 
or by the doulde shearing strength of those passing through the angles 
only. The efT(»ct of a vertical joad upon the flanges must bi' considered 
on the double shear value of the rivets through the angles only, or on the 
bearing value of all rivets acting on tlie web. 

When a four-angle flange is uschI, it will hp liest to consider any ver- 
tical load to be carried entirely by the rivets in the ui>per pair of angles, 
while th(^ flange increment is to Iw divided l)etween the two pairs. In 
the end portion, the increment should be divided in proportion to the 
nrens of the angles; but after the angles are fully developed, it should 
Ix^ divided equally between the two lines, as all of it goes into the side- 
pktes. In this case, however, a part of the vertical load could be oon- 
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sidered to travel out to the side-plates, and then through the lower rivets 
into the web. 

In problems of the nature of these latter ones, it will frequently bo 
found desirable to figure the flange mcrement and the vertical* loads per 
lineal inch rather than the pitches, as the study of the stresses on the 
various lines of rivets can be analyzed more clearly in this manner. The 
combined effect of the horizontal and the. vertical forces on any rivet can 
be easily detemuned. The lower portion of Fig. 21n can be used to 
advantaji^o for thw purpose; and by project ing upward to the toj) portion 
of this fij;urc the pitcli required for any given thickness of web-plate can 
be foiiiid. 

It is to ])e noted that in all the cases above eousitlered the flange in- 
crement has been fipureil as though the entire moment were carried by 
tlie fluiiges. This Irjids to errors on the side of safetj'' in the en<i portion 
of girder, wiiere a part of the moment is remaining in the web, but is cor- 
rect after the l)eQdiDg strength of the wel) has been brought fully into 
play. When drawing up the details, it should be remembered that the 
figunnl rivet-pitches at the ends ar'* a little smaller than those actually 
required, and that the use of pitches just a trifle larger than these values 
will do no harm. 

If the rivet-pitch required for horizontal shear at the ends of a guder 
is known, the pitch required for the horizontal shear at any other point 
at which the shear has been figured can be found therefrom very quickly 
by the rule that the rivet^pitches will vary inversely as the shears, pro- 
vided that the depth of the girder is unchanged. For the quick compu- 
tation of the pitches throughout the flanges of railway girders without 
panels, the diagram in tlx- lower portion of Fig. 2\rn has Ixh'U prepared. 
In order to use this tilagrani, the pitches required at the ends fur hori- 
zontal shear and vertical loads are first determined separately. The 
pitches required for horizontal shear at various points of tlie span are 
then found by means of tli<' curves in tlu* lower portion of the diagram. 
By projecting the values of the jiitehes for horizontal shear vertically up 
to tlie horizontal line representing the pitch required by the direct vertical 
load, the pitch for combined horizontal »hear and vertical loads can be 
read directly by means of the diagonal curves. Should there be no 
vertical load on the flange, the pitches at the various points can, of 
course, be determined by means of the curves in the lower part of the 
diagram only. 

In making the design of the girder, it is generally customary to figure 
the rivet-pitches only at the ends of the girders and at the ends of the 
cover-plates, the latter pitches being taken approximately for the purpose 
of figuring the net section of the flanges. Later, in the deUuling, the 

values at a sufficient number of points are determined so as t« pc^rmit 
of the proper detailing of the girder, rsually, the pitch should be kept 
constaut irum one btitleuer to the next, and the pitches should be in even 
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quarter-inches. The number of different pitches used should generally 
be small, even though a few rivets be wasted thereby. It will be neoes- 

sarj'^ for the detailor to check the net section at the end of each cover- 
plate after he ha.> detailed the Hauj;e, revising the riveting or changing 
the length of the eover-plate if the section is inadei^uate. He must also 
check the strength at any points where he may have had to take extra 
hole;; out of the flange. 

The pitch required at we]>-sphce» will be treated later in connection 
with the design of the w<'l>-spliee. 

Occasionally the strength of a flange must be developtnl very (juickly, 
as, for instance, the bottom flange of a floor-beam which has been cut back 
to clear a pin. In this case it will frequently be n( cess^iry to put vertical 
side-plates over the flange angles, extending up and catching one or more 
lines of rivets through the web above them. Sometimes it will be found 
that in such a detail J^-inch diameter rivets spaced about IJ^inch centres 
will care for the stress, so that the side-phites are not reqwred from this 
standpoint. However, when J^inch diameter rivets in bearing on the 
web spaced closer than 1^-inch centres are required, the web will be over- 
stressed in shear. The shearing strength of a web of thickness t is 10,000 i 

17 500 1 

per lineal inch, and this requires J^uich diameter rivets spaced =- 

1.75 inches. . Thus even if closely spaced rivets will care for the stress, 
the reinforcing plates may be needed to strengthen the web. 

After the flange section at the centre (or, more accurately, at the point 
of maximum moment) has been figured, and the law d variation <tf mo- 
ment and shear determined, the next step in the design is the finding of 
the lengths of the cover-plates, or of the side-platcs in the case of four- 
angle flanges. The most general way of doing this is to plot the moment 
diagram to any conNcnieTit scale, a.s ])reviouslN' ex])lain('d, and then hgure 
the resisting moments u{ the various comi)onent parts of the flange sec- 
tion, and plot these also on the moment diagram. For the tension flange 
(wliich wmII nearlj' always govern titc U^njjths) the resisting mom(»nts of 
the various parts will usuaUy not !»•• i-unstant throughout the span, a.s 
the closer rivet-pitches near tlic end will reduce the net sections .«;ome- 
what. From ij" to 1' 0" should l>e addeil at each end of the cover-]ilate 
to the length determined in this manner, and 0" more if a railway girder 
is under consideration, in which the curve of moments has been assumed 
to l)e a parabola. 

To illustrate the above method, suppose we wish to find the lengths 
of eover-plates for the girder the moment diagram of which is given in 
Fig. 21//. Assume that the web is 96'' X The maximum moment 
in the girder, as scaled from the diagram, b 4,050,000 foot-pounds. The 
section required at this point b then calculated as follows, Ammming that 
the top flange b supported transversely cvety 15 feet, and that the flange 
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rivets are space*! 4" centres, with one rivet only in each leg of each angle 
at any one section. (.Vssnming the gauges in the cover-plates as shov^Ti 
in Fig. 21o and those in the angles tus shown in Fig. 21p, we need to 
couat out but two holes per angle or plate at any section.) 

d«7.85'. ^ = ^^^^ - 593,000 lbs. 

S.R. net = 37.1 - K X 96 X «^ = 32.6 .<?q. in. 
/<, = 16,000 - 200 X 15 4- 1.5 = 14,(K>U lbs. per sq. in. 
S.R. gross = 42.4 — 4.5 = 37.9 sq. in. 
Use 2U 8" X 8" X 21.00 s(|. in. gros.s, or 18.31 sq. in. net. 

1 cov. pi. 18" X 1/2'' 9.00 sq. in. gross, or 8.00 sq. in. net. 

1 oov. pi. 18" X B 7.87 sq. in. groes, or 7.00 sq. in. net. 

Total = 37.93 scj. in. gross, or 33.31 sq. in. net. 

The moments of resistance of the various portions of the fiange at the 
centre will be: 

^ web = 4.5 X 7.85 X 10,000 = 505,000 foot pounds. 

Angles = 18.31 X 7.05 X 1C,(K)() = 2,240,000 foot pounds. 

3^" cov. pi. 8.00 X 8.06 X 16,000 = 1,030,000 foot pounds, 
oov. pL » 7.00 X 8.13 X 16,000 » 910,000 foot pounds. 

Total - 4,745,000 foot pounds. 
Suppose that at the ends of the outer cover-plate the rivets are spaced 
2^" centres. It is, therefore, neces.siiry to count 1 + 0.3 + 0.78 -f 0.3 = 
2.38 Iioles out of each angle, and 1 + 0.3 + 1 + 0.3 = 2.0 lioles out n\ 
eacli cover-plate, thu.-^ giving an additional net section loss in the angles 
of 0.38 X 2 X *'/i6 = 0.52 sq. in., and in the I2' cover-plate, of 0.0" X 
i^'' = 0.30 s(i. in. The moments of resistance are, therefcre. as follows; 

I s web = 505,0(HJ loot pounds. 

Angles = 17.79 X 7.05 X 10,000 = 2,180,000 foot pounds. 

yi" oov. pL - 7.70 X 8.06 X 16,000 - 993,000 foot pounds. 

Total = 3,738,000 foot pounds. 
At the ends of the inner cover-plate sui)pose the rivet pitch to be 23^". 
It is, therefore, necessary to count 1 -f- 0.55 + 0.87 + 0.55 = 2.97 holes 
out of each angle, thus reducing the net section of the angles 0.97 X 2 X 
^Vio" =^ l -^^ •^4- below that at the centre of the girder. The momenta 
of resistance are, therefore, as ioUows: 

3 8 web = 505,()()0 foot pounds. 

Angles » 10.97 X 7.65 X 16,000 » 2,080,000 foot pounds. 

Total » 2,645,000 foot pounds. 

The moment of resistance of the web should, strictly speaking, l^e r»- 
figured for the depth of 7.05 feet, but this refinement would not be just ified. 

The resisting moments of the various portions of the flange are then 
;;>lotted on the moment diagram, and we tind by scaling that the theoretic 
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length of the inner tuver-plate should be 49.6', and that of the out€r one 
32.7'. About one foot should be added to each end of each plate, and 
the plates should be made symmetiical about the centre linc> of t he girder, 
thus ^ving the final length of the inner one as 52", and of the outer one 

88 35'. 

It will generally save considerable time to plot, instead of the moment 
diagram shown in Fig. 21c, a similar diagram u& which the vertical ordi- 
nates represent areas in square inches rather than moments. The curve 
of flange areas required is drawn in the same manner as was the moment 
diagram, the centre ordinate being the flange area required at mid-span. 
Tlie areas of the various portions of the flange are then plotted, giving a 
figure ui every wir^ simikr to Fig. 21c. This method ignores the decrease 
in the effective depth of the girder near the ends; and this should be 
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allowed for by making tin; extra length added at each end of each cover- 
plate about one foot and six inches. 

For girders in which the moment curve can be nfsumed to be a pa* 
rabola, no moment diagram need be plotted. The length of any oovei^ 
plate is then found in the following manner: 

Let A — total flange area required at the centre (moluding of web). 
^1 s total flange area remaining after the eover-plate in question 
has stopped (indudmg ^ of web). 
I *B span length* 
h " oover-plate length requured. 

Then h - 1'^ ^ [Eq. 41] 

A and Ai will be net sections at the points m question when figuring for 
Uie tension flange, and gross sections when figuring for the compression 
flange. The lengths of all of the cover-plates of the girder can be deter- 
mined by a single setting of the slide rule. The quantities A ^ AiBte 
first detemuned for all of the phitcs. Then the following rule is to be 
employed : 

Oi)posite / on scale D set A on scale B. TIum opposite any value of 
A — Ai on scale B read the corresponding length U on scale D. The 
sralcs are assumed a.s niiiiibt'rL'd iu the ordinary mauncT, A, B, C, and 
Df from the top downward. To the leiij^bs k thus found should 
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be added, for girders carrjnng unifOTm load only, from T — 0" to T — 6" 
at each end, to allow for tlic fact that the decrease in effective depth near 
the end has been ignored. In the case of a girder carrying steam railway 
or electric railway loading, there should be added from I'— 6'' to — (K' 
at each end, as the moment diagram for most span lengths is a littk 
above the parabola. 

The question of the computation of straases in oontmuous plate-gir. 
dens was discussed briefly before. In general, their design will follow that 
of simple beams. The effect of stress reversal is likely to be large, and 
must be d\i\y provided for. Where there is any ambiguity, or where a 
settlement of a support might alter materially the computed stresses, the 
sectioning should be lil)cral to provide therefor. Special end cuimcftioiLs 
will frequently be necessary, in order to take care of the moments at 
those points. 

Tn the design of a cantilever girder of variable depth which carries 
coueentrated loads, the rivet i)itch in any panel must be figured at the 
end of the panel farthest from tlie support, as both the depth and the 
Jtiauge stress are the smallest at that point. 

There are two types of end details in common use. In one the girder 
is riveted to other steelwork by mearts of two end connection angles; 
and in the. other it rests on other steelwork, or on a shoe which is carried 
on the masonry. 

In the first typo the flange angles usually run tiyrough to the ends of 
the girder, the connection angles ejctending over their vertical legs and 
having a tight fit against their outstanding legs. Hie connection angles 
should not be crimped, but fillers of the same thickness as the flange an- 
gles should be placed under them. Unless the ^rder be very light, these 
fillers should be three inches wider than the leg of the connection angle 
which rivets against them, so as to provide for a vertical row of rivets 
beyond. 

It is generally necessary to set the connection an^es to exact po^on, 

so that the girder will be of correct length, and will fit the adjoining steel- 
work properly. This result can be olHained in three ways. In the first 
method the wel) plate and tlanjie angles are cut :i irille shurter than the 
finished length of the girder, aii<l the connection angles are set to correct 
position by mean- of an iron frame. In the second method tlu* web plate 
and flange angles are cut a little too lunir, and are milled to correct length 
after assembling. The connection angles are then set on with their backs 
flush with the <'nds of the web. The third method is similar to the sec- 
ond, except that the connection angles arc riveted to the girder before 
the tTf^^Hing IS done. The first method is the easiest, and is the one pre- 
ferred by the shops. With care in the adjusting of the frames, it can be 
ma(l(> to do very well for I-l)canis and shallow built beams. The second 
method will gener.'illy give somewhat better results, and the thirrl is the 
best of the three. Whenever it is necessary that the flanges bear on 
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adjacent steelwork, and iix deep girderB» either the second or the third 
method must be employed. 

The fiyetB attaofaiDg the oonnectioii anglea to the girder must satisfy 
the following conditioDs: 

Pint. There must be suffident rivets in bearing on the web, passing 
through the niiglcs and the fillers, to carry the total load on the 

comiectiun. 

Searnd. Th(T<' iiiu^t bo sufficient rivets in double shear in the angles 

only to carry the total load. 

Third. It is preferable that there be nearly enough rivets in the angles 
only to carry this same load in bearing on the w(>b, &s it is evident 
that these rivets will be stressed more highly than those that pass 
through the fillers and web only. 

It is desirable that the third condition be met if possible; and under 
any circumstances both the first and the second ones must be fulfilled. 

The rivets in question are almost invariably shop-driven. 

The rivets connecting the end angles to the supporting steelwork must 
first of all be capable of carrying the total lo.ad on the connection, their 
nngl&-fihear value usually governing. However, these same rivets fre- 
quently carry the load from another girder as well, in which case they 
must also be tested for their bearing value on the supporting plate when 
the two girders are loaded simultaneously. For example, the rivets con- 
necting the end angles of the longitudinal girders of a viaduct to the dia- 
phragm web of a column must be able to cany the end shear of one girder 
when figured at their sini^e-shear value, and alsoHhe maximum reaction 
on the oohmm frpm the two girders, using in this latter case thdr value 
in bearing on the said web. Frequently the thickness of the diaphragm 
has to be increased to provide for this condition of loading. 

When, a single line of rivets in each leg of the connection angles pro- 
vides sufficient strength, the said angles should usually be 3) 2" X VA'\ 
or sometimes 4" X 4" or 4" X 3H''» ^ order to permit rivets in the two 
legs to be driven opposite without having to flatte^n the heads of those 
first driven. Where a single line fails tu give suHiciiiit rivet.s in one leg 
only, 5" X 3^", 6" X 3^", 6" X 4", or 7" X 3^ 2" angles should be 
used. Where two gauge-lines in both legs are neeessarv, 6" X 6", or in 
some cases even 8" X <>" or S" X 8" angles, should be einijloVfd. Occa- 
sionally wide IcGjs are reciuired to suit the details of the stct lwork, or for 
other special purposes. One of these is discussed in comiection with 
stringer details in Chapter XTX. The thickness of the angles should be 
such as to provide sufhcient shearing strength; but this condition is rarely, 
if ever, in question. The best jiractice for railway work is to use ^ 2 inch 
thickness where the ends of the girders are to be milledi and ]\6 inch 
where no milling is required. For highway bridges the ooirespondiDg 
thidaiesses are /u mch and ^ inch, respectively. In case rivets are 
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used in tension (which should never be done, exo^ in very light work), 
the angles must ))(' figured for the bending moment from the rivets. 

It is occasionally necessary to cut off the flanges where they meet the 
end oonnection ang^ and put the latter directly against the ireb. 
While this is eooncnnical of metal, it introduces a plane of weakness just 
at the end of the flange anises, and also gives to the girder an unfinished 
i^ppearance; hence it should be avoided whenever pfacticable. 

Where the girder rests on a shoe or other steelwork, the end reaction 
is to be transferred into vertical end stiffening angles, which in turn trans- 
mit the load by bearing through the 1)ottom flange angles to the support 
beneath. There are generally four of these angles at each end, although 
two will sometimes serve for light girders. They should extend the full 
depth of the girder, and should have beneath them fillers of the sfune 
iiii<;kness as the flange angles. It is best that these fillers extend three 
ineh(\s beyond the angles in eaeh direction, so as to get an extra line uf 
rivets therein on each side, unless there be a large excess of rivets through 
the angles. The said angU^s nuist bear ver>' tightly on the flanges at 
both top and lH)tt()in, and they should fit the tiiiets of the flange angles 
as closely as possible. 

The rivets connecting these end stiffening angles to the web are fig- 
ured in exactly the same manner as those for the other type of end angles. 
The angles themselves must be calculated for the following conditions: 
First, They must be able to carry the ent ire end reaction as a column, 

the unsupported length of which should be taken as one-half of 

the girder depth because the load varies from loo at the top to 

a maadmimi at the bottom. 
Second, They must be able to cany the same load in bearing on the 

bottom flanges. 

As the bearing on the fillet of the flange an^e cannot be depended on, 
there is but little value obtained from the legs which are in contact with 
the web of the girder. It is best, therefore, to consider the area of the 
outstanding leg only. This allows a small amount for the vahie of the 
other leg, as a portion of this outstanding leg is over the flange fillet, and 
is, therefore, really ineffective. It is hardly ever necessary to make the 
test under the first condition. As no allowance is made for the area of 
the leg a^aiiHt the web, this should be short, and the other leg should 
extend nearly to the edge of the flange angle — generally to al)out an inch 
therefrom. If it should be so long as to extend past the beginning of the 
fillet at the tip of the flange angle, no reliance bhould be placed on this 
end portion. 

• The arrangement of the stiffeners will depend on the nature of the 
support beneath. When a pin shoe is employed, they should be in one 
compact group, as shown in Fig. 2I7. When the girder rests onanaiZOW 
steel rocker the same detail is preferable. When the girder is carried 
directly on a masonry support, it is g^ierally best to separate the two 
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pairs, putting ono pair at the oiid of tlic j^irdor, and the other near the 
inner edge of the plate, in order Ix tXer to distribute the load over 
the masonr}'. The arrangement should be as shown in Fig. 21r. There 
should bo one or more Unes of livets in the fillers between the stiffening 
angles. Where the girder is carried on a casting without the use of a 
pin, either of the tj^pes mentioned ean be employed. For a through rail- 
way girder, the end stiffeners depend on the end details adopted; hence 
tb^ will be treated in connection with that type of girder 

The proper design of the web splice is probably the most difficult fea> 
ture of the detailing of a plate guxler. It must evidently be so designed 
that the bending strength of the web is cared ior in some manner; and 
it is preferable that the full shearing value be also developed, although 

JL L J 

T rn 

Fig. 21q. Arrangomcnt of End Fu;. 21r. Arrangement of End St ifTenera 
StifTenorsforPlate-girderawith for PUito-pirdfrs with HingeleaB Base 
Rocker Bearings. Plate or Pedestal BeariogiB. 

it is not so essential that this hitter condition l>e fully met when there is 
a considerable excess of section, as is usually the case. Evidently the 
ideal sphce would be such that at every point the bending and shearing 
stresses in the web wouUl be fully cared for by the rivets and splice 
plates at that exact spot. This could be obtained by the use of two plates 
extending the full depth of the web between the angles, and one on the 
vertical leg of each flange angle, each pair of plates being riveted to the 
web in such a maimer as to care fully for both the bending and the shearing 
stresses in the portion of the web covered them. This sphce should, 
therefore, be considered the ideal splice, and the actual splice should ap- 
proach it as nearly as possible. It will be found easy to make the two 
splice plates between the flanges care for the shearing and holding stresses 
in the portion they cover. It will also be simple to make the plates on 
the vertical legs of the flange angles care for the bending strength of the 
web metal under the flange angles, hut it vnW be found imiX)Svsible to 
consider them to care for the full shearing strength of this section ^)vnthout 
assuming the flange rivets to be considerably overstressed. It will be best, 
therefore, to assume the plates between tlie two flanges to care also for 
the shear in the ix)rtion of the web covereci by the flanges. Th(^ only 
effect of this failure to care for the shear at the proper point is to cause 
vertical tensile stres.ses in thv. web just at the edge of the flange angles 
on one side of the cut, and similar compressive stresses on the other side; 
but the 'effect is small, and it is not worth while to employ extra metal 
or make refined calculations in order to avoid it. The plates on the 
vertical kgi of the flange angles should thea be designed only for the 
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bending strength of the web plate under the said angles. It is evident 
that if there should be excess flange section at the point in question, thin 

excess can bo us(k1 iti taking care of the bending strength of this portion 
of the wel), and the sidi^plutes on the flanges can be reduced consideraljly, 
or even omittid altogether if the excess is sufficient to care full\' for 
the Ijending strength of tiie web. In this t^unucction it should be nute<l 
that, if one i)urtit)n of the sphce be made to care for the bending 
strengtli of somewhat more than the ])art of the web covered by it, 
and the otlier portion of the splice for the bending strength of 
somewhat less than tlic part f)f the web covered l)y it, the result 
will be to cause a horizontal shear in the web at the edge of the 
flange angles equal in amount to tiie exc(*ss stress which has beeii 
provided lor in the first-mentioned portion of the splice. Such an arrange^ 
ment also produces direct vertical stresses on the same section near the 
cut in the web, compressive at one flange and tensile at the other. A^t 
long as the excess amount of stress provided for in one portion of thn 
splice is small, these effects are of little importance, particularly if th«) 
shear on the web from external loads be not large. It should further bii 
noted that as the main vertical ade-plates extend but a short distanco 
longitudinally, while the plates on the flange usually ejctend sonjdderably 
farther, there will be a tendency for the latter to pick up rather more ci 
the bending strength of the web than thdr share, while the former plates 
will take up less. It will be the best practice, therefore, to ])rovide that 
the sptice-plates on the flange angles (or the excess area of the flange) 
shall care for somewhat more than the bending strength of the portion 
of the web covered by the flange angles. It must also be remem)>ered 
that nearly all of this bending strength of the web will be developed quiti; 
close to the splice, hence the flange rivets in this region must be adequat«5 
to care for this stress. 

It must not l>e forgotten that the beiidiiie; stresses in the splice-platx'Ji 
VQxy from zero at the neutral axis to a maxiimini at the edge of the girder. 
Thus if the unit stress at the tiange l)e 14,000 j)ounds per s(]ujire inch, thai 
at a i)oint six-sevnths of this distance from flie neutral axis could not 
be more than 12,000 |)ounds. The horizontal stresses on the rivets will 
also probably viuy in some such proportion, so that the horizontal com- 
ponent of the stresses in the top and bottom rivets in the vertical plates 
should be assumed somewhat less than the stresses in the flange rivets. 
This result would be secured anyway, as the latter rivets have stresses 
from vertical shear to carry, and the horisontal components of stitaiim 
in them would have to be kept down for that reason. 

Several types of splices other than the type suggested above are in 
common use. Some cf these will now be discussed; and both their stroDg 
and thdr weak points will be noted. 

Frequently ^iden are designed so that the flanges care for all bending 
Stresses. The web splice is then usually designed solely for shear, and 
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consists mrrely of two vertical plates between the flanges, with rivets 
proport inntnl fur the shear only. The chief weakness of thi.s splice is that 
these plates \vill actually jiick up a large amount of the bending strength 
of the web under them, so that the ri\('ts near the top and the bottom 
may V>e seriously overstressed. TIhtc may also be rather high shearing 
and direct stresses in the web along the edges of the flanges, as the flange 
secUon may pick up much more than the bending strength of the web 
covered by the flanges. The flange rivets are not usually proportioned 
to take up this stress quickly, so that they are frequently overstressed. 
These effects will be particularly severe near the end of a girder, where 
the shear on the web and the stresses in the flange rivets are usually ahready 
hi^. 

Another t>7)e consists of two long strap-plates riveted to the web 
adjacent to each flange, and two vertical side-plates between the pairs 
of strap-plates. The slarap-plates are figured for the full bending strength 
of the web, and the vertical plates for the shear. As noted previously, 
the unit stress in these plates will have to be less than that in the flanges, 
a- they are closer to the neutral axis of the girder. This splice is fairly 
satisfactory for deep girders, but for shallow ones the vertical ])lates are 
not deep enough to serve as an efhcient shear s])lice. There are some 
defeets, though, when it is used in deeper girders. Tlie vertical side- 
plates will actually pick up some of the bending strength of the web, and 
the strap-plates will pick up part of the shear, thus possibly overstressing 
the rivets in each case. As but a small amount of shearing strength is 
provided in a 12 to 18 inch space at both top and bottom of web, the 
tensile and compressive stresses in the said web from this effect may be 
lather high at the sections between the strap-plates and the vertical side- 
lilates. Furthermore, since the strap-plates carry nearly all of the bend- 
ing strength of the web, there will be shearing stresses along the planes 
just above and below these straps, and also direct vertical stresses along 
these same planes. These stresses, from shear and moment action, will 
lie unimportant near the centre of a gurder but may be rather high near 
the ends, where the shear from external loads is likely to be large. 

Still another type of splice is made by the use of strap-plates on the 
flange angles to C4ire for the entire Ix nding strength of the web, and ver- 
tical side-plates between the flanges to care for the entire sliear. The 
sidi^plates will, of course, pick u]) some of the moment, ami thi^ rivets 
lit'ar the top and bottom may be eonsiih r.iblv overstresse<l. I'nrt iiermore, 
traiLsferring nearly all of the bending strength in the web up to tlie strai>- 
plates causes rather high shc^aring strt sses in the web along the edges of 
the flanges, and also direct vertical stresses at the same sections. It will 
iilso be f(jund necessary to extend these plates for a considerable distance 
to pick up the full stress they are to carry. All of these objectionable 
ieatures are comparatively unimportant near the centre of a span, but 
uiay be rather bad near the ends where the horizontal shear is high. 
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It was 5?tntr'(l previously that it was ossential that the full bending 
stren^h of wcl) be developed at any 8]ilice. and preferable that the full 
sheariiij^ strength also be developed. However, it does not follow that 
lK)th of these strengths need be developed simultaneotisly. For a point 
near tiic end of a si)an, values of moments and shears nearly or cjuit^e the 
maximum may occur simultaneously; but near the centre of the span 
these maxima will be simultaneous only when the loading consists of a 
single concentration. It is not desirable, though, to spend much time in 
figuring the maximum stresses in a splice due to various combinations of 
moments and shears. It will Ije sufficient to design it so as to develop: 

First, The maximum bending strength of the web, and the "^"""ffii 
calculated shear on the section. 

Second. The maxnnum shearing strength of the web. 

The first condition will gtve correct results for a splice near the end 
a girder» and a variable amount of excess strength in a splice near the 
centre of a girder; while the second condition assures that an efficient 
shear splice will be used at points where the figured shear happens to be 
low. It will not usually be necessary to compute the splice tor this second 
condition, unless the girder be shallow and the shear on the section small. 

In working up the design of a splice of the type which was first discussed 
and shown to be the best, the lx»nding strength of the portion of the 
web covered by the flange should hrst be figured, emf)loying for this pur- 
pose the gross area of the web and the unit stress used on the compression 
flange for the intensity at the edg(» of the wet). This eomputtnl strength 
should, preferably, be arbitrarily inerea.sed a little, as note<i j)reviously. 
The rivets required to transnut this stres.s from the web to the flange 
or strap-platos should now Ih- fifrured. On the side next to tlic Mip])ort 
they will liave to care simultaneously for this stress and for that due to 
horizontal shear, both of which act in the same direction, and at the 
same time for any vertical load which may be resting directly on the 
flange. A close pitch on this side will usually be required. On the other 
side of the splice the stress due to the development of wel) section and 
that due to horizontal shear will act in opposite directions; hence at this 
point we ishould design for the minimum rather than the maximum shear 
at the section. An approximate value of the minimum shear, when the 
moment is still near a maximum, can be figured if deshred; but the am- 
plest way will be to assume that it is sero. While this will give resuHs 
on the safe side, it will usually be found that the pitch required will rarely 
be less than that ^diich would be used at the section if there were no 
splice there, consequently there is generally no object in trying to find 
tike more exact figure. The required areas of the two flanges at the splice 
are now to be computed, assuming one-eighth of the section of the web 
effective as flange area, and also the gross area of the compression flange 
and the net area ul the teiLsion flange, ( ait must be exercised to see 
that uu greater value is assigned to any cover-plate stopping a shui-t di^ 
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•tance beyond the splice than can be developed by the rivets through it 
located between its end and the splice. The excesB areas of the two 
flanges are now to be determined, and also the aeetion needed to oare for 
the bending strength of the web under the flanges, which strength was 
previously figured. If the excess area of each flange provide enough sec- 
tion for this, no splice-plates are required; but if not, stn^>-plates should 
be put on the vertical legs of the flange an^^ Plates three-eii^ths of 
an inch thick will be found to serve for any but veiy thick irefas. If 
there should be no excess area in the flange, these ^tes will have to 
extend far enough to take in all of the rivets required for the devdop- 
ment of the web; but if there is some excess area in the flange, they 
need not engage all of these rivets. It would not be advisable, how- 
ever, to make them very short, two feet six inches being suggested as a 
minimum length. 

The main vertical .si)lico-plates are now to be designed so as to de- 
velop tlie bonding strength of the portion of the web covered by tiiem, 
and at the same time to carry tli<' maxiimim shear on the section. The 
grass sc^ctioii of the web should \>v nsvd in figuring its bending strength, 
the unit stress being takffi a.s zero at the neutral axis, and e(|ual to the 
unit compressive stress in the compression flange at the edge of the web. 
The intensity at the top or lx)ttom of the splice-plate is then to be figured, 
and on dividing this valu(; by the ratio of the sum of the thinlmnifiiPA of the 
two spliceiilates to that of the web-pl&te, the unit compressive stress 
on the gross section of the splice-plates is found. The unit tensile stress 
in the splice-plates will be obtained by multiplying the intensity on the 
gross section just determined by the ratio of the gross area to the net. 
When rivets at three-inch pitch are used, the unit tensUe stress will be 
one-and-one-half tunes the unit compressive stress. Next is to be flgured 
the unit shearing stress on the gross section of the assumed splice-plates, 
and then the unit stresses for combmed shear and tension are to be com- 
puted. It will be found that in practically every case two splice-plates, 
each three-dghths of an inch thick, will suflice, except for shallow webs 
one-half inch or more in thickness, with splices located at points where 
the unit shear on the web is hi(^. 

The rivets in the main vertical splict>plates are now to be computed. 
The ^ruup uii one side of the .sphce must be figuied for the three following 
effects : 

1. Developing the bending strcnirth of the web. 

2. Carrying the vertical shear, as a (lin-ct load. 

3. Trauisfcrring the shear from the centre line of rivet group to centre 

line of splice. 

Evidently the rivets in the top and bottom rows will be most highly 
stressed. The loads thereon can be figured most easily by considering 

the group to be acted upon by a direct load P with an eccentricity of 
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P being the shear, and M the sum of tho moments from the first and 
third effects, and then applying the method given in Chapter XVI for 
the calculation of stresses in rivet groups subjected to bending and direet 
stress. The momenta from the first and third effects will act in the same 
direction on one aide of the splice, and in the opposite direction on the 
other aide. The worst side should be figured and both ades made ahke. 
For ordinary ghdm, it wiU be found neoedary to use three lines of rivets 
on each side of the splioSi with the spacuig idxmt three incfaes on bentm 
in eaeh row. For veiy shallow girders having a hif^ shear on the section 
frequently more than three rows of rivets will be required. 

AStbt the splioe has been designed as above, it will be neoessaiy » e»- 
peciaUy in shallow girders in which the actual unit shearing stress on the 
web is not high, to investigate in order to see if the splice can develop 
the full shearing strength of the web. The splice-plates should be fig- 
ured for the shear only; while the rivet group on one side of the splice 
must })o able to carry both the shear and the moment Jiic to its trans- 
ference from the centre of the group to the centre of the sj)lice. 

It has been noted in the previous discussion that in figuring the bend- 
ing strength of the wch the unit stn^ss at the edge thereof should be taken 
equal to that used in the dosign of the compression flange. This is suffi- 
ciently exact for ordinary cases; but it should be noted that tlie strictly 
correct way is to employ the actual unit stress at the section spliced. 
TakitiK this fact into consideration will Irequeutly effect a legitimate sav- 
ing in a splice at a point where the flange section is largely in excess of 
that required for moment. Care must be taken, however, not to assume 
the area of the flange to be any greater than can be developed by the 
rivets in it between the splice and the end of the girder, not forgetting 
that these rivets will also have to develop a portion of the strength of 
the web under the flange angles. The fact that the horizontal unit stress 
in the splice-plates at any point cannot exceed that in the web between 
them must also be remembered. 

It is standard practice to put intermediate stiffeners at eaeh splioey 
the back of the stiffener angle being at the cut in the web. This detail 
should be used whenever practicable. 

The shoes of a plate-fprder span must be designed to transmit pn^i)- 
erly the loads from the girder to the masonry or other ::u])pun, tc; prO' 
vide for expansion and contraction, and to anchor the span effectively 
against displacement. The limiting length of spans with sliding expan- 
sion and no rockers has for years been gradually diminishing a.s the live 
loads have increased. I'ntil lately the author has set the hmit at si.xty 
((jO) feet, but now h(^ is inclined to place it at fifty (50) feet, especially 
for very heav\v loads and cornjiaratively shallow jrirders. From a theo- 
retical standpoint every si)an should have a ro<-lv« r Ix aring so as to make 
the pressure on the nuisonry uniformly tlisiributed; but practically a cer- 
tain amount of inequality of distribution is not Imrmful; hence., within 
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TeMonable liimtSy rocker ends for plate-girder spans may be omitted. 
Usually rocker ends and roller bearings go togetbery but a «^binfttkm 
of rocken and sUdtng ends is practicable. 

When spans are veiy idiort, say under twenty-five (25) feet, it Is 
lei^tiniate to provide no expansion whatsoever, but either to bolt both ends 
solidly to the masoniy or to encase them in the concrete of the abutments. 
60 doing will add materiaUy to the rigidity of the constructkm. 

Shoes for girdeiHspans resting on masoniy may be convenieiitty clas- 
sified as follows: 

1. Masonry plates. 

2. Cast shoes without rockers crrdlets. 

3. Rocker shoes without rollers. 

4. Rocker shoes with rollers. 

The end !)carings for girders carried on other steelwork are usually 
of one of the two following kinds: 

5. Plain sliding boarings. 

6. Rocker sliding hearings. 

The six tyix's will imw \h' .iisfiis^'d in detail. 

Masonry plates slioiiUI l>f u.>t'd for sliorl spans only, as tbev arc ill- 
adapted to the distribution of loarls of any magnitude over the masonry. 
They are further objectionable in that dirt collects about th(* liearings 
in sufiicient amounts to rust both the plate and the girder-flange. Ordi- 
narily there is a thick base-plate bolted to the masonry, on which bears 
a sole-plate that is riveted to the bottom flange of the girder. The top 
surface of the base-plate and tlir bottom surface of the sole-plate should 
be planed, the cut of the tool being parallel to the direction of sliding, 
or else both plates should be straightened. The girders should be bolted 
down by fox-bolts at least one and one-quarter inches in diameter, 
extending fully twelve inches into the masonry, the holes in the upper 
plate being slotted at the expansion end of the span. There shoukl be 
two such bolts per bearing, arranged, if possible, so that the holes in the 
masonry can be drilled after the girder and its bracing are in place. Tlie 
area of the base*plate must be sufficient to distribute the total load over 
the masoniy without exceeding the specified unit pressures. The bending 
strength of the plate should be tested at a section along the edge of the 
flange. In addition, the bending moment at the centre line of the girder 
should be eomputi'fl, and the stresses produced in the plates and flange- 
angles thfu by should be figured on the assum]jtiun that tiny are acting 
separately, not as one thieU j)late. the moment l)einc: divid* <l among the 
various plates in proportion to the <(juares of liuir thicknesses. In 
figuring the niunient, the load from abo\ e should be assumed as uniformly 
distributed over the outstanding legs of the end stifiener angles, when 
four of tliese are used; but if only two such angles are employed, the 
entire load must be considered us concentrated at the centre line of the 
web. For a short span in which there is very little expansion, it wiU be 
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satisfactoiy to use a aini^e plate> which should generally be riveted to 
the girder. 

Cast shoes without rockers or roUen are to be adopted for all spans 
kas than fifty feet long for which the use of a masonry plate k not dear- 
able. The shoe ordinarily eonsista of a single casting about afac inofaes 
high. Hie top surface of this casting is idaned, and on it there reata a 
sole-plate which is riveted to the bottom flange of the girder. This 
sole-plate either should be planed on the bottom sidci or dse should be . 
straighteiied. Hie fox-bolts should be of the same sise and number as 
for masonry plates. They may extend up throu|$i the bottom flange of 
the gjrder, or they may pass lioough only the bottom plate of the east- 
ing. In the latter case it will be necessary to use short bolts passing 
through the girder-flange, the sole-plate, and the top plate of the casting. 
With either detail the holes in the girder-flaii^r .uui iii the solc^plate 
must be slotted at the expansion end of the girder. The area of the 
bottom plate of the casting must be made large enough to distribute the 
load over the masonry without exceeding the allowal)le unit pressure 
thereon. It will be best to locate one rib longitudinally under the girder- 
web, and a cross-rib under each pair of end stiffeners. Additional cross-ribs 
can Vte used if the thickness of the l)ottom i)late can be nuiteriaily reduced 
thereby. The said bottom plate must be designed as a slab to transmit 
the load from the ribs to tlie masonry. In addition, the strength of the 
casting as a whole should be tested by figuring the stroBOOS produced 
therein by the bending moment at the centre line of the girder-web. 

Rocker shoes without rollers are suitable for any girder over fifty 
feet in length on which the load is comparatiyely light. The author 
has rarely used them, as he prefers to employ rollers, but several railroads 
have adopted them quite eirtensively, even for heavy wpeaa. The details 
used have varied quite widely. In some pin-bearings have been 
employed, in others flat or cylindrical surfaces resting on <^lindrlcal 
discs, and in 'still others flat bearing surfaces vdiich were quite narrow in 
a longitudinal direction. The sliding surfaces have sometimes been 
steel on steel, while in other cases phosphor-bronae discs or plates have 
been employed in order to avoid the ]X)s8ibility of the sliding surfaces rust- 
ing together. For the details of shoes of this t>T)e, the reader is n'ferred 
to Parts 11 and III of "Details of Bridge Construction," by F. W. Skinner, 
Est]., C.E. SiK'cial attention might be called to the C/hicag<>, Milwaukee, 
and St. Paul Railway standard shoes descrilx^d on p. 96 of Part III. 

The author employed a shoe of the alnwe tyi)e several years ago on a 
railway, deck, platc^-girder ^p:iii ahout (i-S f( <'t long. It eonsisted of an up|K»r 
cast shoe supported on a pin, whicii was in turn carri- d by a base casting 
resting on the masonry. A sole-plate was riveted to the bottom flange 
of the girder, antl rested on the upj)er ciusting. The bottom surface of 
the sole-plate and the top surface of the upper casting were planed, and 
sliding todc place at this point. The base casting was fox-bolted to the 
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masonry, and the upper casting was bolted to the girder. The bolt-holes 
in the girder-flange at the expansion end were slott^. 

Rocker shoes with rollers should, in generaly be used for aU spans 
earoeeding fifty feet in length. A great many different forms have been 
developed, a number of which are' i^own in Skinner's book just refmed 
to. Structural shapes were formerly used quite largely in their oonstruo- 
tioa, and rails have been employed to some extent also; but cast-eteel 
shoes are decidedly betterj and the price of this material is now low enough to 
permit of its use in all cases. Both round and segmental rollers have been 
employed. The latter are preferable, as the round rulluns arc iu'ces«yirily of 
.small diametf'F, and it ha.s been found l)y experience that such small rollers 
do not work well. > urthermore, the segmental rollers are more economical 
except for light girders, as they generally permit the use of smaller shoes. , 

The details of a shoe with seermental rollers, in the pedestals of which 
cast steel ha.s been used exelvisively, are shown in Fig. 2lv. The expansion 
shoe consists essentially of an upper casting resting on a pin wliich is 
earned on a middle casting, a roller nest, and a base casting. The fixed 
shoe consists of an upper casting supported by a pin which rests on the 
base casting. The upper castings and pins in the two shoes are identical, 
and the height of the base casting of the fixed shoe is equal to the combined 
bei|^ of the middle casting, rollers, and base casting of the expansion 
shoe, 80 that the total heij^t of the shoe is the same in both cases. The 
fixed shoe may be varied by replacing the base casting shown by a middle 
casting identical with that used for the ^cpansion shoe, and a base casting 
haviDg the same plan view as the base casting of the said shoe, but with 
itohei^t greater by the height of the rollers. The latter type weighs more 
than the first form, and generally gives a larger an a of base; but it can be 
set to correct elevation a little more easily, and may effect a saving in the 
pattern-making. The former kind is usually to l)e i)referred. If in any 
particular case it should l)e satisfactory to have the fixed and the expansion 
shoes of different heights, tlu^ castings of the fLxed shoe should l)e made 
ideutical with those used for the expansion shoe, the total height of the 
fixed shoe then being less than that of the expansion shoe by an amount 
equal to the height of the rollers. 

The top casting consists of a top plate, a thick transverse vertical 
rib, and three longitudinal ribs. The upper surface is planed and the 
^rder rests directly on it, being secured to the casting by four or eight 
bolts. The width of the casting is made just a trifle greater than that 
of the gutler-flange, and the length usually about twelve mches. The 
distance from the top of the casting to the centre of the pin will generally 
be about five inches. One longitudinal rib is placed at the centre, and 
one at each edge- The thickness of the transverse rib is about five inches, 
and that of the top plate and longitudinal ribs about one or one and one- 
quarter inches. 

The pin Ls made three inches in diameter, a length of one inch at tlie 
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centre Ix inpi; increased to three and ono-lialf inches in diameter in order 
to provide ii shoulder that will prevent transverse displacement. The 
pin has a ijearing throughout its lengtli in botli the upper and the middle 
cai=;tings, there being half pin-holes in each. In order to prevent poaoible 
uplift, boaaes are cast around the half pin-boles on the two castings, and 
a washer slipped over them. This waaher is J^ept in place by a thin 
washer against which the pin-nut Ix^ars, all as shown in Fig. 2lv. 

The middle casting consists of a bottom plate, three longitudinal ribs, 
aad either one or three transverse ribs. Its horizontal dimenffionB aie 
determined by those of the roller box, and the hei^t is usually a litUe 
leas than half of its length. The bottcnn plate is planed on the bottom. 
It must be of sufficient thickness to transfer the bad from the ribe to 
«the rollers, but rarely less than one and one-quarter inches. One trans- 
verse rib is placed under the pin. Its thickness will vaiy with the sise 
of the shoe; but, preferably, it should not be less than one inch. Two 
other transverse ribs, usually three-quarters of an inch thick, are added 
when the thiekneas of the bottom plate can be materially reduced thereby. 
The longitudinal ribs are placed directly under those of the upper casting, 
and they should he at least one inch thick. 

The rollers should generally he se«2;iiu ntal, 6" liiuh by 31 2" wide, spaced 
4" centres. For light higliway girders 4" round njlh rs can \)v used, spaced 
4I4" centres. Round rollers are turned from round l)ars. while s( gmental 
roller- are Inade from forcings, the rolling surfaces only Ix-ini? turned. 
The sides must be forged .straight and true, however. Round rollers 
are fastened to two 2? 2" X ^ s" spacmg-bars by me;iiia of tap-bolt.«5 J g" 
in diameter with flat In^ads ^i" thic-k, wliile f<iur such spacing-bars are 
required for segmental rollers. In onU r to keep the latter kind of rollers 
from falling over, it is advisiible to jrear one roller to both the middle 
and the base castings by a tooth-bar at each end, which engages slots in 
the horisontal plates of the* two castings. When this detail is used, it is 
necessary that the base casting be set in exact pasition, since an error 
in its location will cause the tooth-bar to tip the rollers. In order to 
prevait horizontal displacement, there should be two tongues wide 
and }4" high on the bottom plate of the middle casting and on the top j^te 
of the base castmg, engaging 1" X H'* grooves m the rollers. Both 
tongues and grooves should be finished. The tongues should not be 
located dhrectly under the main ribs of either casting^ if it can be avoided. 
The rollers should be protected from the weather by efficient dlist-guards 
fastened to the middle casting and having a very small clearance with 
the bottom casting. Ample space must be provided mside the dust-guards 
for the movements of the rollers. 

i iir lut'^e casting consists of the top and bottom plates and vertical 
stiffening ril)s. The size of the top plate mu.st be somewhat greater 
than the area enclosed l)y the dust-guards, so that the said guards sha!l 
never move beyond the edges thereol. The bottom plate must be large 
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enotish to distribute the load properly over the masoniy. It will be 
found that the siae required to accommodate the roller box will nearly 
alwa3rs furnish more than enough bearing area. The top and bottom 

plates must Ix? tliick enough to carry the loads which come on them, but 
rarely less than one and one-<iuarter inches. The vertical ribs should 
usually be tlin'«'-(|uart<'rs of an inch tliick. The use of a small niiml)er 
of these ribs makes tin* pat(('rn-\\(>rk simpler, but thty slioiild not be 
spaced so widely as to n iiuirc unduly thick top and bottom j)lal<'s. Core- 
holes must be i)rovid('(l in the vertical ribs ruquirud, and grout-holes 
in the l>ottom plates of lar^^c shoes. 

Four fox-boils should l)e used per shoe. These should be at least one 
and one^iuarter inches in diameter, and should extend fully twelve inches 
into the masonry. If possible, they should be located so that the holes in 
the masonry can be drilled after the span has been completely erected. 
The holes for the anchor-bolts should be about one-half of an inch larger 
than the bolts. In order to secure the middle casting against possible up- 
lift, the anchor-bolts should continue up through the bottom plate thereof, 
the boles in this plate bdng slotted to allow for expansion. The nuts 
should not be turned down tightly, and lock nuts should be employed. 

It is always de«rable to be able to estimate the minimum size of 
base that can be used with any roller nest. With the type of shoe shown 
in Fig. 2 If, this can be determined in the following manner. 

Let n = number of rolliTs. 

• d = diameter of rollers in inches (height of segmental rollers). 
w = width of segmental rollers in inches. 

s = spacing of rollers in inches, hv'm^ d 34'' ^or round rollers 

and IV -f- I 2' f^^r segmental rollers. 
L = grtjss length of roller in inches = net length plus 2". 
I = length of span in feet. 
i/60 = total possible movement in inches of expansion end of span, 
du9 both to temperature and to live-load changes. We then 
have the dimensions given in Table 21g, 



TABLE 2lg 
Dimensions kou RfH.LER Shoes 





1 

1 Sbombntal Roluers 11 Round Roixers 




TraiMvwMly 


LtongitttdiitaUy ,] TrMMvanely 


Loocitudiully 


IiLsidc to inside of 
dust-guards 

Bottom plate of 
middle casting. . . 

Top and bottom, 


! L-rlO", 


1 


L+ 2" 

L + 10" 
L+10" 


• 
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In degjgnmg a shoe of this type, the length and number of the rollers 
are first figured. The 6" X Z^i" segmental rollers are to be adopted, 
except for light highway spans. The total load on the shoe is divided by 
the allowable pressure per lineal inch CdOOd), the number of rollers is 
assumed, and the required net length of one roller is calculated. To this 
must be added 2" to aOow for the grooves. The gross length of the 
rollers should be at least two inches greiiter than thv width of the flange, 
as otherwise the ri})s of the middle casting will be too close to the ends 
of the rollers. The niininmni size of base that can be used is next deter- 
mined from the table above, and tlie unit pressure on the masonr>^ is 
figured. If this is less than that sjx'cifu'd, the size of base as above found 
is correct; but if the unit pressure is too great, the bottom plate of the 
lower casting must be increascnl as required. 

The preceding are the only figures required in the design, as the size 
of the base and the total height of the shoe are usually the only dimensions 
needed at this stage of the work. In drawing up the details, a good many 
other calculations are necessary. The upper shoe is to be designed so as 
to transfer the load from the stififeners to the pm. The pin is to be figured 
for bearing. The middle casting is to be proportioned so as to transfer 
the load from the inn to the rollers. The bottom plate theceof is to be 
computed as a slab to transfer the load from the ribs to the rollers, while 
the bending strength of the easting as a whole must also be tested. The 
bottom casting is proportioned to transmit the load from the rollers to 
the masonr>'. The top plate is figured to transfer the load from the 
rollers to tlie ribs, and the bottom plate to carr>^ it from the ribs to the 
masonr>'; while the bending strength of the casting as a whole must also 
be tested. 

The design of the fixed shoe is comixaratively simple. If the portion 
below the pin is to consist of two castings, no new figures are necessary, 
the only chiinge required being in the height of the base casting. Oc- 
( asi(mMlly, however, the top plate of the bottom casting and the bottom 
plate of the middle existing are rediH-r -d somewhat in thickness. The 
middle c&sting should be secured to the base casting by tinned bolts, 
usually in diameter. If the portion below the pin is to be a angle 
casting, the required area of its base b determined, and then the casting 
is to be designed so as to transfer the load from the pm to the masonry. 

Plain sliding bearings will generally be used at the expansion ends 
of gurders less than fifty feet long which rest on other steelwork. A 
plate is riveted to the bottom flanges of the girder, and bears on a plate 
which is riveted to the .steelwork beneath. These two plates are to 
Im» straightened, or else their surfaces in eontaet mu.st \ye planed. The 
sliding surface must ]>e horizontal, so that there will V)e no tentlency for 
the span as a whoh- to creep in one direetioii. Tlie [>laU s must, be fijz;ured 
to transfer the load from the end stitTi'ners of tlie girder to the supporting 
Steelwork. Provision must be made against transverse displacement of 



Digitized by Google 



PLATB-OIBDER AND BOLLBD I-BEAM BRIDOISS 



460 



the girder; and sometimes it should be bolted down to prevent possible 
i^plift. The details of the supporting steelwork wiU vary widely with 
the ccmditkins ol each case* Examples of this Igrpe of bearing are to 
be found in figs. 19g, 19h, and 2ig. 

When a girder exceeding fifty feet in length rests on other steelwork, 
some form of sliding rocker bearing should be used. In one type of 
such a bearings thick casting is riveted to the bottom flanges of the girder, 
in the bottom side of which there is planed a recess of cylindrical form, 
the aads of the cylinder being transverse to the prder. This recess fits 
down onto a narrow steel block which extends the full width of the casting, 
and has its top ^?urface tume<l to a radius .somewhat less than that used 
for the said casting. This block is planed on the bottom, and slides on 
a steel or ])hosphor-hronzo plate which rests on the steelwork beneath. 
This jjlato cither is to he planed on the top, or else it must be straightened; 
and its to]) surface must he horizontal. It must he designed to transfer 
the load from the steel block to the supixnts. As in the case of plain 
sliding !>carings, ])ro\ision sliould be made a<r:iinst horizontal dis[)laL'e- 
ment; and in some cases the girders should be l>uitcd down to prevent 
possible uplift. 

In designing expansion bearings of cither of the two types last dis- 
cussed, care must be taken to see that sufficient clearance is allowed for 
painting and field riveting after the expansion {^der has been erected, 
and that no pocket which might collect dirt or water is formed. 

A great many spedal types of end bearings have been designed to 
suit unusual conditions. The author once had occasion to support one 
end of a long ^rder on the end pin of an adjacent truss span. A number 
of interesting forms are to be found in Part II of "Details of Bridge Con- 
fliruction,'' by Skinner. 

The shoes of girder-qians which are carried on masonry nearly always 
rest direet^^ thereon; but occasionally, when the loads are veiy heavy, 
H may prove economical to rest them on grillages which are embedded 
in the tops of the piers or abutments. These grillages usually consist 
of I-beams. The top surfaces of all of the beams of a grillage must be 
planed at one operali^ni after they h;i\(» been assembled and rivets, 
in order to ensure that the shoe shall have a uniform bearing thereon; 
and in setting thciu in position every care should V)e taken to see that 
they are leveled up correctly. The bottom of the shoe wliich bears on 
the grillage imi>{ he plane(l. 

^\^u'n a slioc n sts directly on the masonr>', the scat therefor may be 
prejiareil in one of two ways. In the first method the top surface of the 
mii.sonry is brought to c(jrrect elevation and very carefully leveled; and 
the bottom surface of the shoe is planed. The shoe is set on the surface 
thus prepared, a sheet of lead one-dghth of an inch thick often being 
interposed in order to allow for possible inequalities. In the second method 
tba.0urfaGe of the masonry is left about tbree-quarteca of an inch lower 
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than the elevation of the bottom of the shoe, no attempt bdng made tc 
level it up exactly; and the bottom of the fihoe is also left rough. The 
shoe is placed in position and properly aligned and leveled up, and the 
space between it and the masonry is then grouted. 

The leveling up of a shoe is a rather tedious process when it is done 
by the use of steel shims or wedges. A much better arrangement is to 
place a set screw at each of the four comers. These screws should be 
about one inch in diameter. In light shoes th^ can bear directly on 
the masonry; but in heavy shoes they should rest on flat plates. Tlie 
lower ends should be rounded slightly rather than left flat, so that the 
shoe will not have a tendency to shift sidewise when the screw is turned. 
The shoe or grillage should first be placed in correct position, and then 
brought to the proper elevation by means of the screws. 

DESIGNING AND D ETA I LI NO OF PLATE-CilRDEU AND 
ROLLED I-BEAM BlUDQES IN GENERAL 

The method of carrying through the work of designing and detailing 
of bridge structures in general is treated fully in Chapter LVIII. The 
remainder of the present chapter will discuss spedal points which may 
arise in the design of the ordinary types of plate-girder and rolled I-beam 
bridges. The design of the floors and floor systems of such structures is 
fully covered in Chapter XDC, and that of the lateral system in Chapter 
XX. For the design of Trestles, Viaducts, Bridge Approaches, and Ele- 
vated liailroads, which are usually of the plate-girder type, the reader 
is referred to Chapters XXI I i and XXI V". 

ROLLED I-BEAM RAILWAY SPANS 

The design of a structure of this type involves merely ihe floor, bracing^ 
I-beams, and end details. 

The main point to be settled in the layout of the steelwork is the 
number of beams per track. It will always be found that the mmimnm 
number which will carry the loading will be the most economical of metaL 
This 'svill require, however, a deeper structure from ^mde to under clear- 
ance than will u greater iiiiHiixT of beams, and may necessitate hoavirr 
ties or slabs. It may also in some locations c ause the grade of the tracks 
to be raised, thus involving t xtra ('xj)ense for both the abutments and the 
approach fills; and furthermore, the cliange in tho jrrado may be undesir- 
able for othor reasons. All of these factors should be duly considered 
before the selt'clioii of the number of beams is made. 

There are two kinds of I-beams on the market, the Am* i ii an Standard 
and the Bethlehem Special. As between tlx* two, the author prefers to 
adopt the former in general, using the latter solely where the standard 
beam will carry the load only by the use of an excessive amount of metaL 
So long as the same number of beams per track is required hi any oaae^ 
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the Bethlehem beams will afford a conHidrnihlc saving in weight, and 
a small saving in money ; but where the retention of the standard b( ams 
means the employment of more lines of hvuma than the use of the B( thin- 
hem sections, the difference in cost will be quite large. The author prefers 
the standard beam, because he considers that its strength has been better 
proved. 

The design of the I-beams is very simple, it being necessaiy to figure 
merely the centre moment, the maximum shear on the web, and the 
maximum end reaction. The maximum shear on the web is not often 
needed with the standard beams, except occasionally when only two beams 
per track are used. Care should be exercised to see that the proper load 
ptT hfam is taken, one-half or double i\w rorreet amount being occasion- 
ally used by mistake. The section moduhis i('<iuircd is computed from 
the centre moment, and the beam is select<'d from the manufacturer's 
handlxuik. The calculations can be simplified by the use of Fig. 21.9. 
This diagram gives directly the section mochihi*^ ref)uire(I per beam for 
various span lengths and various classes of loading, wlien four beams p<-r 
track and op<'n-timber decks are adopted. If any other type of floor is 
employed, the prop*)rtionate increjuse in the total load per lineal foot over 
that when the timber deck is used can be computed approximat( ly, and 
the increase in the required section modulus quickly determincfi. If there 
should be any holes out of the bottom flange near mid-span, the net moment 
of inertia of the beam must be employed, as has been previously pointed 
out; but with proper detdling this will rarely occur. 

The number of end stiffening angles required is next to be settled. 
If the vertical compressive stress on the web over the shoe is ratiier low, 
only two angles will be needed. These should be placed at the end of 
the beam so that the end diaphragm can rivet to them. If the said stress 
is higher (say over 10,000 lbs. per sq. in.), it will be well to place two 
similar angles at the other end of the shoe. These angles will rarely be 
required on this account unless Bethlehem beams are employed; but 
under heavy loads theu" adoption is frequently advisable in order better 
to distribute the load to the shoe. ^Ui end stiiieners should have a tight 
fit at both top and bottom. 

Except for unusually long spans, say over twenty -five feet, no provision 
for expansion or contraction is necessar}\ 

There are no important points in the detailing that are not f uUy covered 
elsewhere, either in this chapter or in the two preceding:: ones. 

In Fig. 2lt will be found complete details for a span witli timber deck 
having two beams per track, and in Fig. 21u the details for & span having 
a similar deck, but four lines of beams per track. 

SOIiLED I-B£AM HIGHWAY SPAMS 

.Usually the only portions to be designed are the floor, bracing, I-beams, 
and end details. Ordinarily, bracing is needed at the ^ds only. The 

• Digiiized by Google 



I 



464 BRIDOE SNOnnSBRlNO CBAPinXXl 

number of lines of beams required wiii depend mainly upon the loading 
and the type of floor adoptrd. It will be economical of steel to use as 
few lines of beams as possilUe; but when a very shallow structure is culled 
for, the emplojTnent of a larpor number of beams is frequently advisable. 
The design of the I-beams and the end details is simpley bang very similar 
to that required for railway spans. It should rarely, if ever, be neoessaiy 
to test the shearing strength of the web of the beam. The detailing is 
simple, and requires no comments. 

RAILWAT DBCK FLATB-OIBDBH SPANS 

In this type of structure it is generally necessary to flr^ign the floor, 
lateral system, vertical sway bracing, main girders, and shoes. All of 
these questions have been treated quite fully alr( ady, so that hardly any 
comments are necessary. It might be mentioned, however, that the direct 
vertical load on the rivets in the top flange is to be figured by ftagi^wimg 
the load from om wheel of the normal (not the alternative) loading to 
be distributed uniformly over a length equal to three times the tie spacing. 

Fig. 2lv shows the complete details for a girder span of thb form in 
which both flanges are composed of angles and oover-plates; and Fig. 2lw 
shows typical details for a span with a four-angle top flange. 

RAILWAY, TRROITOHy VLATX-QISDER SPANS 

In a structure of this type it is necessar>' to design the floor, the floor 
^^em, the laterals, the main girders, and the shoes. 

No further explanations arc n(>ccssary in regard to the design of the 
floor, floor system, and laterals. The design of the main girder itself 
presents a number of distinctive features. It will, oi course, be materially 
influenced by the choice of the type of floor. When the floor qrstem 
conmsts of transverse I-beams or troughs, the rivets in the bottom flange 
will frequently have to carry a part or all of the vertical load from the 
beams or troughs, and this fact should not be overlooked. The qMcing 
of the intermediate stiffeners will usually have to be made to suit the 
floor system; and when floor-beams and stringers are ciupl >yed, the said 
stiffeners generaUy cany the floor-beams. In this case they should not be 
crimped. 

The cud details of a tl. rough plate-girder are generally different from 
those which have previously l)ccn dix usscd. In the first place, a rou- 
ncctiou for an cud lioor-bcaui or brace is to l)c proN idcd: aud in the secoud 
place, the ap])earanc(^ of a girder of this tyne is iuiportant. Ou account 
of the latter consideration it is customary to round off the entls, bending 
tiie toj) thiu^^' angles tlirouali a quarter turn of two and a half feet radius 
or more, and running them duww to tlie bottom flange. 

The flange angles should be cut aud spliced Uhc two at different points) 
a few feet from the beginning of the curve, as the bending of the long 
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heavy angles is a difficult shop process. The inside cover-plate should 
extend nearly to the curve, and should be spliced to a plate of the same 
width and thick, which plate is carried around the curve and down 
to the bottom flange. The curved angles are usually crimped over the 
vertical legs of the bottom flange angles; and, thoefoxe, they should 
not be relied upon to carry any vertical load. The entire end shear is 
(»dinarily taken by four angles, arranged as shown in Fig. 2lq, It is 
preferable that these angles be shop-riveted to the girder, with thdr 
outstanding legs in contact, and that the end floor-beam or bracket be 
field-riveted to the said outstanding legs. Occasionally one pair of the 
angles is field-riveted, and the fiocn^beam web placed between the out- 
standing; Kiis of the two angles; but the bearing value of the field-riveted 
angles Ls a little uncertain, and the detail .should be used only where it is 
impossible to take care of the; floor-beam load by the other method. 

When there are several successive through spans, it is best to use the 
rounded detail on the outer ends of the two end girders only. The end 
details at the other points will then be practically the same as for deck 
girders. 

The detailing involves no points that have not already been fully 
treated. In Fig. 21a; will b(; found the details for the end panel of an 85' 9" 
railway, through, piatc-girdcr span. 

BIGHWAT AND BLECTRIC BAILWAT, DBCK, FLATB-OIBDER SPANS 
WITHOUT IliOOB-BBABIB AND STBINQKBS 

This type of structun; is rarely found, except for bridgts carrying 
electric railways only. The designing and detailing will in all essential 
matters follow thiit of railway, deck, plate-girder spans, excepting only 
as modified by the specifications of Chapter LXXVIII. In determining 
the loads for tlie design of the main girder, the dead load of the main 
girder itself may be taken irom the curves of Fig. 55//, after an approxi- 
mate value of the total load per lineal foot has been found. 

HIQHWAY ANT) EI.F,( TRIC RAILWAY, DECK, PLATE-GIRDBR SPANS 
WITU FLOOa-BEAMS AMD STRINOEBS 

Structures of this type are very frequent, being used for most steel 

city bridges of short span, and for the approaches to many larger bridges. 
In their design there is to be taken into account the floor, the floor system, 
the laterals, the main girders, and their end supports. The designing and 
detailing embrace hardly any points that have not already been fully 
discussed. 

HtGHWAT AND UiECTRIC BAILWAY| THROUGH, FLAT&-GIBDSB SPANS 

The design and d( tailing of a span of this sort present no points that 
have not already been adequately treated. 
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CHAPTER XXII 

SaatM TBVBS BRIDGBS 

* When plate-girders cannot be used on account of the len^h of span 
being too great, it is necessary to resort to some form of truss bridge. As 
a rule, for spans undor one hundred (100) feet, and in many cases for 
spans up to one lumdrcd and iliirty (130) feet, plate-girders are adopted 
for the reasons given in the preceding chapter. Consequently, about 
one hundred (100) feet is the uiferior limit for truss spans; and only in 
pony trusses, a type to which the author ol)jeets most vigorously, is this 
limit ever lowered. Various rau^i s in span length, more or less elastic, 
have been settled upon for the economical use of the different types of 
trusses, and these will be given in the following discission. 

For many years Amerjcan bridge-designers exercised their ingenuity 
in devising new forms of trusses and girders, the principal object of their 
endeavor^ ^^ ing to find forms involving the use of the smallest amount 
of metal. Each form as it appeared was tested by subjecting it to the 
ordeal of actual use, which showed conclusively both its merits and its 
defects; hence, by a process of elimination, based upon the principle of 
the survival of the fittest, a few forms have been retauded and the others 
have been relegated to the history of bridge-building. As mic^t have 
been antidpated, the few forms which have survived are the simpleflt 
of all; and althougji even at the present time one hears occasbnally of 
some improved form of truss, the assumed improvement rarely materialises. 
The forms of truss that have best survived the test of time are the Pkutt, 
Petit, Single-Intersection Triangular, Double-Intersection Triangular, and 
Warren. The i^i incipal ones of those that may be considered antiquated 
are the 1 ink, liollman. Howe, Post, Lenticular, Parabolic, Lattice, Whipple, 
Schwedlc 1. Kellogg, Bultiniore, Radial, Pegram, *'A," and Camel-Baek. 

The Pratt truss, I'ig. 22a, is the type most commonly used in America 
for spans under two hundred and fifty (250) feet in length. Its advantages 




FiQ. 22a. Pmtt Xruas. 



are simpiieity, economy of metal, and suitability for connecting to the 
floor aiid lateral systems. Its counterbracing may be effected either by 
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the use of adjustable counter-rods, as shown by the dotted lines, or by stif- 
fening the main membeDS m which there is a possibility of reversion of 
stress. Its chords are sot neoessitfily parallel, but be inclined as 
In Fig. 22&. This latter fonn is frequently known as the Parker truss. 
The Petit truss, FigB. 22c, 22d, 22», and 2^, is a modification of the 



Via. 22b. Pratt Truas with Polygonal Top Chord (Packer TVusb). 

Pratt, and Is generallj'' used for spans exceeding two hundred and fifty 
or three hundred feet. It is comparatively simple, and, like the Pratt 
truss, it is economical of metal and lends itself readily to the connection 
of the floor and lateral systems. It has the dis:idvantage that its second- 
ary stresses are rather high; but these can be materially reduced, as was 
shown in Chapter XI. It can be used for very long spans — even for those 




Fia. 22c. Petit Trvm with SubHrtruts and Parallel Chnds (Baltamore TVuas). 

exceeding one thousand (1,000) feet, although no ffimple span as long 
as that has yet been constructed. The chords may be parallel, as shown 
in Figs. 22e and 22d; but they are generally inclined, as shown in Figis. 
22e and 2^. The Petit truss with parall^ chords is frequently referred 

to as the Baltimore truss, while when the chords are inclined it is some- 
times known as the Pennsylvania truss. The sub-diagonals may run from 




Fig. 22d. Petit Trues with Sub-iiee and Parallel Choids (Baltimore Tnm). 

the mid-points of the main diagonals down to the bottom chord, as in 
Ilgs. 22c and 22e, or up to the top chords, as in Figs. 22d and 22f, The 
fonner type is to be preferred, as the secondary stresses are lower, and 
the truss is less vibratory. It also affords a small saving of weight in 
liveted construction. When the panels arc long, as they generally are, 
it is customary to support the top chords at mid-panel length by tight 
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vertical struts extending down to the intersection of the two diagonalB, as 
shown by th(! dotted lines in Figs. 22e and 2£if, . 

The Single-Intersection Triangular truss, Fig. 22^, is employed for 
short, deck girder-spaiis, mainly in elevated railroad oonstniction. It 




no. 22f . Petit ThuB with Suhnrtnits and Po|ygoiial Top Cboid (FeniMgrhraiils 

Trasq). 

requires nearly, if not quite, as much metal as the plate-girder, and costs 
a little more per pound to manufacture. Almost its sole reason for 
enstenoe in elevated railroads is that it obstructs the light less than 
the plate-girder, which ^pe is ahnost universally acknowledged to be 




Feo. 2^. Petit TVuB with Sub-tiet and Fblygooal Top Chovd (PemModvania TVoaiO* 

its superior in eveiy other particular. Some people think that its ap- 
pearance Is preferable to that of plate-girder structures, but that is a 
matter of taste. It is difficult to conceive how any artistic CQnstruction 
can be accomplished the empk^yment of open*webbed, riveted deck- 




Fto. 23tg, Single-IatennctioiiTriaiigalarT^nM. 



girders, hence it is ])etter generally to use plate-girders wherever thqr 
are permitted. This type of truss can be built with inclined chords, but 
there is seldom any good reason for so domg. 

The form of truss shown in Fig. ^ is frequently modified by adding 




Fig. 22^ SiDgle-Interseotioa Triangular TViias with Vertioab. 



verticals at each panel-point, pdvnnp; the outline illustrated in Fig. 22ft. 
This type, known as the Singh^Intersection Triangular truss with vertioalBy 
is extensively employed for riveted trusses of comparatively short sfMii. 
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It has the disadvantage that the bottom chord b subjected to rather 
high secondary streases in the portions near the foot of each hanger, and 
the upper chord to such stresses near the top of each vertical post; 
but these can be pretty well eliminated, as was explained in Chapter XI. 

The Double^Intersection Triangular truss, Fig. 22i, has managed to 
survive with apparently very little good resson for having done so. In 
addition to the unavoidable ambiguitj' inherent to multiple-interst'ction 
trusses, the secondary stresses in this tvfK' run high. It is claimed that 
it affords a certain economy of metal, but this is offset by the greater cost 




Fro. 22i. Doubk-InteraectiiNi Triangular TrmL 



of the fiddwork. In some cases small vertical posts are run from the 
intersections of the diagonals with each other up to the middle <3i the 
long top chords so as to support them, as in Fig. 2^. Whether this 
detail is of much value is problematical, as the deflection of the intersection 
point must certainly cause some bending on the top chord, which bendmg 
would not exist were the vertical absent. It would appear better to 
deepen the chord, even at the expense of some metal. Supporting the 

chofd at mid-pands theoretically halves the value of — and thus 

reduces the intensity of working stress for the strut; but the gain is 
ivobably m<Mre than offset by the increased secondary stresses. In deck 




Fio. 22^. Double-Intersection Triangular Truas witli \ trticaia. 



trusses such vertical j>osts an- sometimes emplovod to support floor- 
l>eams, thus halving the panel lengths of the floor system; and in this 
case their use is entirely proper. 

The Subdivided Triangular truss, illustrated in Fig. li, has lately been 
resurrected by Lindenthal in his proposed bridge over the Ohio River at 
Scioto\ille, Ohio. In the late sixties Allx^rt Fink designed and built a 
truss bridge of this kind over the Ohio at Louisville, Ky., except that he 
used sub-ties instead of sub-struts; and in the late eighties the Illinois 
Central Railway Ckimpany built a bridge of this type over the same 
river at Cairo, 111. — at that lime the longest bridge in America. In 
riveted construction there is possibly a sli|^t economy of metal in this 
truss over the Petit truss; but, in the author's opinion, the small 



Digiiized by Google 



472 BBIDGB BNOINBIBING Gbaftbi XXH 

saving, if sueh there be, is mm than offset by the more sightly 
appearance of the latter. 

The term Wanen truss or Warren girder was origmally applied only 
to the particular case of the Triangular truss in which the web triangles 




no. 72k* Single-IntenBetioD Warren Ttubb. 



are all equilateral ; but later writers generally use the name for any trian- 
gular truss. It is built of the single-intersection form without verticals, as 

in Fig. 22k, of the single-intersection form with verticals, as in Fig. 221, 
and of the douhle-iiitersection form, as in Fig. 22m. As there is no spe- 
cial advantage in making the web triangles equilateral, there doe^ not 
appear to be any good raison d'etre for the use of the true Warren type. 




FlQ. ZU. Single-Intersection Warren Truss with Verticals. 



The Fink truss, Fig. 22n, and the Bollman truss, Fig. 22o, are so 
eminently lacking in rigidity that the vibrations induced in them by 
trains pas.sing at high speed are truly alarming. Not only has their 
construction been entirely abandoned for many years, but most of the 
old railroad bridges of these types have been removed and replaced by 
better structures. 

The Howe truss, Fig. 22p, is still used for wooden bridges on railroads 




FiQ. 72m. Dotible-Intenection Wanm Tnm* 



of light traffic that are located far from the centres of civilisation, whert 
metal is necessarily expensive and timber is cheap; but the great wet^ta 
of modem trains render it almost impracticable to design a wooden Howe 
truss bridge so as to withstand in a satisfactory manner the stresses 
induced thereby, especially in the details. The Howe truss was never 
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f inj)l<)y(Ml to any extent for m(>tal bridges, because its web systtni wuuid 
inanitej^tl}' be uncconomiciil, the diaguiuils being in compression and the 
verticals in tension. In wooden bridges of this type there Ls a cuunter- 
strut in each panel, as shown by the dotted lines. 




Fio. 22n. Fink Ttobb. 



The Post truss, Fig. 22g, was quite fashionable some thirty-five or 
forty yean ago, and was then, thanks to CoL, Merrill, considered the 
most economical of all the existing types of trusses. Livestigation has 
since shown that the gentlemaa referred to was not warranted in his 




no. 29o. BoOmaa T^niH. 



oonclusKNis, which were drawn from certam elaborate calculatkns based 
upon untenable assumptions; and nearly aU the bridges that were built 
of this type have been replaced, the principal weak points therdn being 
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Flo. 22p. Howe Truds. 



the dosed columns and the loose-jointed detailing. Concerning Post 
truss bridges the author feels that he can speak with authority; for in 18<S8 
he was called upon to rebuild one oi the largest of these structures, which 




Jhxk. 229. Po6t Truas. 



had been partially destroyed by fire. It was a very difficult piece of work 
to patch up the detailing 80 as to make it safe and passal)le; and it was 
absolutely impossible to make the bridge anything like a hist-class struc- 
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ture, even for the light live load it had to carry. It is still standing today, 
but is no longer used for traffic of any kind. 

The objections to the Ltrnticular truss, Fig. 22r, are its want of 
economy of metal, the (hlficulty involved in bracing the trus.ses laterally, 
and the extra expense in its manufacture due to the many varying lengths 
of its main members. It has been employed more in Europe than in 
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Fig. 2ar. Lcnticiilar T^im. 



America. To the layman, its appearance may often be more pleasing 
than that of the ordinary American bridge; but to the initiated engineer 
Its evident esrtravagance of material and shopwork Is sufficient cause for 

its condemnation. 

The objections to the Parabohc truss, Fig. 22s, are the necessity of 




Fio. S2s. Panbolie TVubb. 



counterbradng ever}' panel and the unposability of usmg an efficient 
overhead system of sway-bracing near the ends of the span. 

The most unsatisfactory feature of the Triangular Lattice truss, 

Fig. 22/, or any other truss involving the use of more tlian a single system 
of cancellation, is the unavoidable ambiguity in the stress distribution. 




FiQ. 22< Triangular Lattice TVun 



There are still a few American engineers who continue to design such bridges, 
but their number is rapidly becoming less. They seem to think that 
there is some inherent virtue in several systems of triangulation, and 

that strurtures of this type are more rigid than other bridges. The 
genera] o])inion of bridge engineers, however, does not endorse their 
views, for the great majority concede that a single system of cancellation 
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is the only one which is truly scientific, and that brirlpjps built thus possess 
all the advantages claimed lor mulUple^stem trusses aod none o£ their 




Fia. 22u. Ltttioe Turn with Po^ygoiiAl Top Ghflcd. 



characteristic disadvantages. The only vahd plea ever made for multiple- 
intersectioa bridges is that in case of the derailment of a train on thestnio- 
tuiOi tbqr have a better ohance than angle-interBeotion bridges of escai^ 
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ing total destruction ; but as bridges cannot well be designed for derailed 
trains, this plea is not of much \ alue. It is acknowledged by those 
who are posted that much more metal is required for trusses of multiple 
systems than for those of single-cancellation systems. The fact that the 
Whipple truss, Fig. 222, is more economical of metal than the Pratt truss. 
Fig. 22a, after certain span lengths are exceeded, does not militate against 
the correctness of this statement; because for such long spans the Petit 
truss, Figs. 22c, 22 i, 22e, or 22/, noplaces the Pratt, and it is more economi- 
cal of metal than the Whipple. Again, ordinaiy multiple-system trusses 
are more subject to secondary stresses than are single-cancellation trusses, 
partly for the reason that the various members of the latticed webs are 
riveted together in the field and are, in consequence, distorted by the 
drifting, unless the trusses are assembled and reamed in the shop, and 
partly on account of the fact that if one truss ssystem happens to be more 
highl^ loaded than another, the panel-points thereof will deflect more 
than those of the other i^ystem. 

It is common practice in Europe, but ahnost unheard of in America, 
to use polygonal chords in lattice trusses, as in Fig. 22u. When for the 
purpose of computing stresses such a truss is divided into its component 
sjrstems, as in Figs. 221^, 22w, 22x, and 22^, it will be seen that the top 
chord stresses have to travel from panel-point to panel-point through 
bent members; and were not these bent struts stayed at the points of 
bending by tlie web members of the other component trui>ses, the struc- 
ture would collapse. But the chord struts of one component tru.'vs can 
be staye<l only by inducing rather large >tr( ><es in the other com|Xjnent 
trusses; hence the calculation of the wel> stresses is exceedingly intri- 
cate. Strickly speaking, they are not solvaV)le, r'xcept by the methods 
discussed in Chapter XII for the calculation o£ strei^scs in indeterminate 
trusses. 

The Whipple truss, Fig. 22z, is a double-intersection type, similar to 
the lattice, with two systems of cancellation only. It tised to be very 
common in America, but nowadays it is seldom employed in designing. 




Fio. 22z. Whipple Truss. 



The ambiguity of stress distribution that it involves when the num- 
ber of ]>auels is not exactly divisible by four (4) is well worthy of 
consideration. 

Tht! Seliwedler tnis-. Fig. 22an, is a variation of the Whipple that 
is suitable for lung span<. Its appetinince is at;ain<t it, for not even its 
originator could hold that it has any claim to beauty. It might, however, 
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show some economy of metal as compared with certain other types of 
trusses. 

The Kellogg truss^ Fig. 2266, is a variation of the Pratt, but is inferior 
to it in rigidity. It was a freak and never had any valid claim to «D»* 
tenoe, henoe its life was short. 




xHt. 3GflBH* dqhwBoiw atom* 



The Pegram truss, Fig. 22cc, was used quite laigely by its origmator, 
George H. Pegram, Esq. C.E., but no one else seems to have made 
use of it. It is more sightly in appearaooe than the Fhttt truss; 
but as, of necesmty, it involves the use of suspended floor-beams, it is in- 
ferior to that standard type. Mr. Pegram daimed an economy of metal 
for his type of truss as ecnnpaied with the Pratt and other trusses; but 




Fio. 22ft6. EeDogglViMi. 



if it really existed, it was more than offset by the greater cost of shop- 
work. The peculiar feature ol the truss is that the panel lengths of the 
are equal to. each other, notwithstandhig the poljrgonal 

outline. 

The "A" truss bridge, Fig. 23dd, patented many yearn ago by the 
author, served a good purpose- for some time until the modem riveted 




Flo. 22cc. Pegram Truss. 



Pratt truss bridge was evolved. Quite a few of them were built, and 
nearly all are still in use, nutwithstandiiiii; the fact that buine are fre- 
quently overloaded as mueh a.s sixty (00; per eent. It is the most rigid 
short-span, pin-connected bridge ever built. Its appearance is odd but 
not displeasing. 

The Camel-l)ack truss, Figs. 22ee and 22//, is a variation of either 
the Pratt truss or tlxe Petit. It was called into existence by a large 
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bridge company for the purpose of saving some metal and the shop cost 
of changing the incUnation of the top chord at each panel-point. In ap- 
pearance the truss is uncompromisingly ugly; and the sudden change of 
chord inclination came very near on two occasions to proving the said 
bridge company's undoing, for its computers failed to note the necessitiy 




Fia. 22dd. WaddeU'a " A " Truaa. 



of counterbracing the panel where the change occurred. The result was 
the actual rev(»rsing of the stress in the panel, which, had it lasted more 
than an instant, would certainly have destroyed tin; bridge. Tlie weak 
diagonals in the existing structures of this type were stiffened free of 
chaiige by the manufacturing company soon after the defect in their 
deBiga was disooveredi and thus accident was avoided. 




FiQ. 22w. GameMMKik Truss. 



The K-lype of webbuoig, which is bemg used ui the cantilever arms and 
the anehor anns of the new Quebec Bridge, could be adopted for long* 
flpan simple trusses as well, althouc^ it is difficult to secure a satisfactory 
arrangement of the members in the end panels. Figs. 22gg and 22hh 
suggest outlines which might be employed. The latter is the better 




Fia. 2^. Camel-back Truss with Subdivided Paaels. 



looking of tlie two, but weighs sonn^ ten or fifteen per cent more. The 
weight of tlie trvi» show^n in Fig. 22gg is about the same as that of a Petit 
Truss. The chief superiority <>f the K-tyj>e over the Petit is its lower 
secondary stresses; but its inferior appearance will probably prevent its 
being used to any great eictent. 
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Various oombinaftioiis of tnisMS and ardies have tan ttme to time 

been suggested, but none of tiiein have rarvived, because they violate 

the principle that "Simplicity is one of the highest attributes of good 
designing." 

In respect to pony-truss spans the author has maiiita-incd for years 
that such structures should be niled out entirely, and that under no cir- 
cumstances is it neecssiiry to build them, herause they can be replaced 
by plate-girder spans by the e.xp<'nditure of more money. The main ob- 
jection to pony-truss bridges is that no man can tell ^ven approzimately 




Fia. 22gg. K-Truas. 



what is the ultimate strength of their wholly or partially unsupported 
top chords. 

The length of span at which it pays to change from parallel chords 
to curved or, more properly speaking, polygonal chords, will vary with 
the class of bridgi^; but it is seldom advisable to adopt tlie latter for 
spans under two hundred feet. The greater the panel length tlie greater 
the limit of spjin for parallel chords, consequently it will general^ be 
found shorter for highway- bridges than for railway bridges. This curv- 
ing of the top chords of long through spans has sometimes been-canied 
to such excess as to i4>proach very closely the old parabolic trussesy in 




whicli the curve extends from end-pin to end-pin. In a large and im- 
portant bridge over the Mississippi River the top chords of the main 
spans, which exceed five hundred feet in length, are so curved as to in- 
volve the use of a very shallow portal, allowmg but the ordinary clear 
headway beneath. Such excessive curvature causes the top chord to do 
most of the work of the web and makes the latter too hght and vibratoiy. 
It also necessitates the use of counters or stiff main diagonals almost up 
to the ends of the span. A proper curvature of the diords is not only 
economical of both metal and money, but also is ssthetic, adding greatly 
to the i^ipearance of most bridges, consequently this feature should be 
encouraged, but not, of course, to ezoess. The best curvature of chords 
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for any span can only be determined by experience, the controlling factor 
being revenion of web stranea. In general, it may be aaid that the 
greater the arching tibe more artistic the effect For highway bridges 
it can be made greater than for railway bridges, because the effect of 
impact is less in the former than hi the latter; neverthdess, eren in h||^ 
way bridges the curvature must not be carried to excess on account of 
the tendency of light web membem to set up vibfation from insignificant 
moving loads. « 

The following examples from the author's practice will give an idea 
of what top-chord curvature can be employed logitimately. 

Ill a design for an eleven hundred foot highway span (shown in Fig. 
52o), for which the live load is 4,5()(J j)()unds per lineal foot and the dead 
load 20,000 pounds per lineal foot, the truss de[)th is one hundred and 
fifty feet at mid-span and eighty-four feet at tin* main hips or second 
panel-points, in a similar dt si<:n for a highway bridge of one thousand 
and forty feet span (shown in Fig. b2n), for which the live load is 4,000 
pounds per lineal foot and tlic dead load 17,000 ])()uiids p<?r lineal foot, 
the truss depth at mid-span is one hundred and forty feet, and at the 
main hipe eighty-four feet. In a design for a six hundred and twenty- 
four foot, double-track railway span the respective depths are ninety- 
three feet and sixty-five feet. For a similar span of four himdred and 
ninety feet they are seventy-five feet and fifty-two feet respectively. For 
a five hundred and sbcty foot, double-track railway, motor, wagon^ and 
pedestrian bridge the depths are ninety feet and sixty-five feet. For two 
five-hundred-foot, single-track, railway spans, carrying sidewalks within 
the trusses and wagonways outside, the centre depth was taken at seventy- 
two feet and the hip depth at forty-eight feet. For a shnilar bridge and 
a span of four hundred and twenty-three feet the centre depth was taken 
at sixty-five feet aiyl the hip depth at fortynseven feet. For a ang^ 
track raaiway span of three hundred and oxty-two feet the centre depth 
is sixty-two feet and the hip depth forty-five feet In this case the pands 
are longer than in the one directly preceding, which will account for the 
relatively greater truss depths in respect to span length. 

In regard to the form of polygonal top chords, ex])erien( i" sliows that 
an arc of a parabola from hip to hip is in every way the best layout, becaufie 
the curve thereof is the most sightly. 

The inferior limit ol ^j)aii length for which it is advisable to use sub- 
divided panels will vary somewhat with the style of structure and with 
the panel length. In general it may be stated that for railway bridges 
this length is about two hundred antl seventy-five or three hundred feet, 
and for highway bridges with panels not much in excess of twenty feet 
long it is about two hundred and twenty-five or two hundred and fifty 
feet. Where shallow floors are neceesaiy, the subdivided truss can be 
used to advantage for much shorter spans. Economy of metal should 
not be the on^ or even the principal consideration in determining this 
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limit; for general appearance and proper sues of aectkms are more im- 
portant faotofs. In rmlway bridges where the pands are made long for 
the sake of economy of metal, it takes a rather great truss depth to war- 
rant one in running the main diagonals over two panels^ and to prevent 
giving a squat appearance to the span; and the truss depth for any span 
is something wluch cannot be varied much for any such object as the 
use of sub^vided panels; consequently, the longer the panel adopted 
the greater must be the limiting span length for the legitimate employ- 
mi'iit uf the Petit trusts. The hea\ner the syrdn the greater is the per- 
missible truss depth, especially with polygonal top cliords, consequently 
(on account of appearance) the shorter is the span length that limits 
the legitimate subdivision of panels. 

Again, in very light bridges there is often no weight of metal saved, 
even in spans of considerable length, by subdividing the panels; and as 
such sulxlivision tends to compHcate the detailing and thus to increase 
the pound price of the metal, as well as to render the span vibratory 
because of unduly light truss members, it is evident that a designer should 
think twice before deciding to subdivide the panels in any design for 
a span of about the usual inferior limit for Petit trusses. 

Vertical end posts for through bridges are seldom employed in mod- 
em bridge designing. There are three good reasons for this, vis., first, 
each vertical end poet necessitates an idle panel length of bottom chord, 
which i»ece, although stiffened, has a tendency to promote vibration of 
the structure because it has no stress in it; second, vertical end posts 
involve the use of more metal for trusses than do inclined end posts; and, 
third, the appearance of a truss with the end posts vertical is by no means 
as sightly as that of a truss where they are inclined. 

Unlal quite lately it has been the almost universal custom among 
American engineers to make all the panels of a bridge truss of the same 
lengtli, but Hodge in his "Municipal Bridge" at St. Louis (originally 
known as the "Free Bridge") has departed from this praetiee. In Engi- 
neering Record, Vol. 68, page 322, Modjeski, in an article entitled *'D(^ign 
of Large Bridges," while admitting a possible slight economy by the vary- 
ing of the panel lengths, as well as better appearance due to a more uni- 
form inclination of wel) diagonals to the vertical, pronounces against tlie 
innovation on tlie plea that these advantages are outweighed by the gains 
in ahopwork and in erection from uniformity of panel length. The au- 
thor is inclined to agree with Mr. Hodge and to disagree with Mr. Mod- 
jeski, for the reason that the advantage in shopwork by adhering to 
uniform panel lengths is trifling, wliile the loss in sBsthetics may be great. 
The powerful pressure of shop influence has too long had a tendency to 
throttle the imigressive innovations of all American bridge designers; and 
it is just as well for the latter once in a while to assert their indepen- 
dence, even if by so doing they increase somewhat the cost of th^ 
structures. 
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Considerable attention has been given by writers on the subject of 
bridges to continuous girders, the result bemg simply a great waste of 
printer's ink. Few American engineefs will countenaDoe the building of 
continuous girdw bridges, eicept for swing spans. The unanswerable 
objection to the use of stractures of that type is that the ooKrectness of 
the stresses, found by a most elaborate system of calculations, is depen- 
dent iqxm the exactness of the elevations of the bearin^i on the piem 
The least variation of these from coneotness will upset completebr every 
stress in all the trusses that rest on the pier where the variation eaasts^ 
to say nothing of how it will affect the stresses In the trusses of the other 
spans. Now, as all piers are compressible, and as many of them settle 
materially before ooming to a final position, especially when timber or 
piling is used in their coiLstruction, it follows that in many ciLses no reli- 
ance can be placed upon the permannicy of the? hearing elevations, or, 
consequently, upon the correctness of stresses calculated for continuous 
girders. The only advantage claimcil for the continuity is a saving of 
metal; but, setting aside the unreliability just shown, this economy 
would be more than offset by the risk to the whole structure from an 
accident to one span or to one pier, ft is proper to ptat(\ tliough, that 
not all American bridge engineers agree with the author in his drastic 
oondenmation of continuous spans; for one of the most prominent of 
them, Gustav lindentbal, Esq., C.E., has lately proposed a structure 
of that type for a crossing of the Ohio River at Sciotoville, Ohio, as shown 
in Fig. It. The conditions at that crossing, however, are exceedingly 
favorable for continuous spans, because there* is a good solid rock foun- 
dation txom end to end thereof only a few feet below the low-water 
elevation. 

There is a type of truss, mentioned incidentally In Chapter H, which 
the autiior has dubbed the "Hybrid" truss, because it is a combination 
of the pin-connected and the riveted ^pes, and, like most hybrids in gen- 
eral, it is illegitimate. Its top and bottom chords and its verticals are 
stiff members that are riveted together, but the diagonals are non-ad* 
justable eye-bars, which are attached to pins that pass through the con- 
necting plates at points which lie on the centre lines of the diagonals but 
not on those of the chords. Any one who is experienced in the manu- 
facture and erection of bridges will recognize the inipossiljility, with only 
the ordinary shop manipulations, of making the component members of 
any diajzonal of such a structure act togfther so as to distribute the 
stress uniformly between them; because when i\w main members are 
attached to the connecting plates and are brought into position by the 
drift pins in aflvance of the final reaming of the rivet holes, they will 
not come to really true position, as they would were the structure pin- 
connected. This type of construction was used to a sliglit extent in the 
fieaver Cantilever Bridge; but in this case the shopwork was carried 
out in such a careful manner that the above criticiam does not apply. 
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Trusses of this kind having all thoir main diap^onals as well as their counters 
adjustable would ho a good kind of roust ruction for highway bridges, 
and would be a dccidc'd impro\ cnicnt on the light, pin-connected, vibra- 
tory structures that are encountered on the wagon rt)ads throughout 
the eixtire exteat of the Uilited States; but as adjustable members are 
not proper to railway bridges, the Hybfid truss ought to be debarred 
tim&om. 

As a rule, only two trusses per span are used in American engineering 
pnustice; and it is rare to oondittons to require more. Emi at the 
expense of a somewhat greater amount of metal, the two-truss eoostruo* 
tion should be given the preferenee wherever it oan be employed; to 
the unavoidable uncertainly in the distributian of the loads makes the 
structure with more than two trusses objectionable. In addition to this, 
there is the unsatisCactray feature of the racking of the floor-beams and 
sway-biadng due to the fact that the various trusses deflect diffmnt 
amounts. Special attention must be given to their designing and de- 
tailing in order to prevent overstresses from such unbalanced loading. 
In short spans, though, where the truss deflections at the most are not 
large, this consideration may not be of any serious moment. 

The employment of more than two trusses is rarely necessary unless 
the floor system retiuires it. For a wide spacing of trusses, the floor- 
beams become deep and heavy, which under certain conditions could not 
be permitted. Where this is the case, it is necessary either to use two 
or more spans side }>y side or to adopt a single span having more than 
two trusses. The former method gives the best arrangement for the 
trusses themselves, but it is uneconomical in the superstructure as a 
whole as well as in the substructure. Moreover, for the same floor space 
it requires a wider structure out to out than the latter; and often the 
extra width would not be permissible, especially in city bridges where 
the oonstniction must be confined to the width of the street. 

In hi^^wi^ bridges, the cantilevering of part of the floor beyond the 
trasses pennits a shallower and more economical floor lystem than would 
be the case if the trusses were placed at the outside of the structure; and, 
aa a rule, this construction precludes the necessi^ of more than two 
trusses. Qdy in the case of a closely limited depth from the floor levd 
to the under eide of the steelwork will more than two trusses be necessary, 
and under such a condition eveiy effort should be made to raise the grade 
m order to provide sufficient space for the floor i^ystem without increasmg 
the number of trusses. 

In railway bridges the spacing of trusses, as well as the number of 
trusses per spnii, depends uyntn the number of tracks to be accommodated 
and the cleannu i required. Fig. 22ii shows the clearance diagram for 
single-track through bridges on tangent, while that for structures on 
curves is given in iigs. He and 8/. For multiple-track bridges the hori- 
aontai clearaacoB shown in these diagrams have to be increased by the 
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distances irom centre to centre of tracks. No more than, two trusses 
should ever be used for a double-track structure, and this number will be 
sufficient for spans with more than two tracks, except where the use of 
shallow floofs cannot ho avoided. While it is true that in certain instances 
the grade cannot be changed so as to increase the depth available for the 
floor flystem, it is not always the case; and the grade should not- be hM 
down, if it can be nused lecptiniately and a better structure be thus 8e> 
cured. It must also be remembered that the adding of intermediate 
trusses causes an increase in the spacing of the tracks adjacent to the 
bridge, which arrangement may be objectionable. Instead of adding a 
third truss in a four-tndc structure, two cf the tracks can be aupfKated 

4^6' 6-0' 4-6' 



5i) 



Vko. WL, Cbaranoe Diagram for ThxtNigli Bridges oo Tangeat. 

on cantilevers, one on each side. The same is also possible in a span 
designed for six tracks; and if this does not give a suffidently shallow 
floor, a third truss can be placed at the centre. 

As has been previously stated, the use of three trusses is less objec- 
tionable in idiort spans than' in longer ones. Moreover, they often work 
out very satisfactorily in structures having a considerable skew. Apiiiu, 
the addition of a tliird truss has been resorted to V( ry successfully in 
strengthening old bridges, thus increasinc their usefulness. As a gen- 
eral jirojwsition, however, more than two trusses per span should rarely 
be employed. 

Skew-spans should be avoided if it is reasonably practicable to do so. 
Where it is al)soliitelv neces^arv to use them, the arrangement of the 
panels and the outliiir-^ <>t tlie trusses require special attention. As far 
as possible the two trusses should be made alike, and this can be done 
only when the two ends have the same skew. It is, theref advanta- 
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geous to make the skews the same, at least so far as the steelwork is con- 
cerned, even if it is not possible to do the same with the substructure. 
The web members of the trusses should be so arranged that the floor- 
beams and the sway frames will be at right angles to the truss-planes. 
Moreover, it is best to keep the end posts parallel so as to avoid warped 
portals. Skew portals in themselves are sufficiently troublesome without 
romplicatinp; the matter by warping them as well. It is true, though, 
that warped portals cannot be avoided in all instances; and when this 
is the case, it is necessary to make the best of the unsatisfactory condition. 

The most favorable case is when the skew (or, more strictly speakings, 
the offset thereof in the perpendicular distance between central planes 
of trusses) is such (or can be so adjusted) that it can be adopted econom- 
ioaUy lor the panel lengtb oi the spaa. This naoessitates a span length 
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¥ta, 2Slu» Amagemmi of Trusses for a Skew Spun in which the ^ew Can Be Adopted 

for the I'aiiel Length Throughout. 



integrally divisible by the length of the skew, which desideratum can 
generally be aemmplished only hy an arbitrary location of the piers. 
Fig. 22jj shows tlie arrangement of the trusses for this condition. In 
case this is not practicable, it may be possible to make the first two panels 
at the acute end of each truss of a length (^qual to that of the skew (neces- 
sitating one panel at the opposite end to be of the same length), and then 
divide the intervening space into panels veiy nearly equal to the skew. 
This case is practically the same as that shown in Fig. 22jj. For spans 
Oaaoetly short ones) in which neither of the two methods just outlined 
can be employed; the arrangement shown in Fig. 22kk uu^t work out 
satisfactorily. In this ease each truss is divided into a number of central 
panels with lengths equal to that of the skew and a panel at each end 
equal to one-half of the difference between the total length of the sptai and 
that of the central portion comprising the other panels. When the end 
pscnds are shorter than the intermediate ones, the intermediate flooi^ 
beam nearest to each end can be made square and riveted to the skew end 
iioor-beam, as shown in Fig. 22kk, or it can be skewed between the hip 
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vertical of one tnisB and the obtuse end of the other; but wbea the end 
panels are longer than the intermediate onfis, the second Boheme must 
housed. 

Where the skew is oonsiderably shorter than an eeonooucal pand 
length, the arrangement shown m Fig. 22U will have to be resorted to; 
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Flo* 2Xkk, AiraQgf2in(>nt of Tnisst^s Tor a Skew Span in which the Skew Caimot be 

Adopted for the Panul Length Throughout. 

and where tiie slEew is longer than an economical panel and still not long 

enough for two panels, that shown in Fig. 22mm must be used. Both 

of tht\s(> rcqiiiro wiirpcd portals, which present difficulties in their construc- 
tion. This mip;ht be avoided by adDpiing vertical end po.sts with ten- 
sion end diagonals, and placing a skew portal in the vertical plane con- 
taining the said end pust^. This arrangement not only requires extra 
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Fio. 220. Amnganent of trvmm tot a Skew Span m wfaidi the Skew ii Too ShoK 

for an Eoonamioftl Panel Length. 

metal but also produces an unsesthetic truss for through spans; and the 
advisability of resorting to such a peculiar layout should be given careful 
consideration before it is adopted. In deck spans the end diagonals 
should be compression members, and the end sway frames should con- 
nect between the end verticals that are needed to cany 
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floor-beanis or the top chord when the live load is suppcnrted directly 
on the latter. 

When the skew extends over two or more panels, one of the arrange- 
ments shown in Figs. 22;y, 22kk, 22tt, or 22mm can be employed by shift- 
ing the trusses the required amount with respect to each other. In any 




Flo, TUmim, Amatgrneni of Trusses fur n Skew Spun in which the Skew is Too Long 

lor an Eoonomical Panel Length. 

case the panels should be arranged so that the inttrniediate floor-beams 
are all scjuare to the trusses. Moreover, skew end f1( cr-beams should 
l)e used in practically all casrs. If this recinires esfj'cinlly hea\^" skew 
beams, or l)eams difficult to provitle, one end of each snufire beam can* 
be supported directly on the masonry and be connected to the ends of 
the trusses with substantial bracing frames, or the skew floor-beams can 
be supported on the masonry by sliding bearings. Also the lateral stys- 
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Via. d2im. Amitganent of ThiflBtt for a Skew Span with Polygonal Top Chords. 

tem must be made complete, as the entire steelwork must act as a unit 
in order that the design may be in accord with the most approved modem 
practice. 

In skew spans having polygonal top chords, it is necessary for the 
members of the two trusses to be parallel in each panel. The panel 
points between the hips at the acute comers should, therefore, lie on the 
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same carve. The anangement should be as shown hi Fig.,22fii». In 
caee the skew extends over more than one panel, the top ehord at the 
acute ends of the span should be made straight for this length on account 

of the complications entailed in the details of the upper lateral system 
and in thuse of the vertical swaj' bracing. 

When a parabolic curve is used for a span with polygonal top chords, 
the lengths of the various i)()sts can be cumputed as follows: For a truss 
with an odd number of ]);inrls of equal length, the (Ufferences between 
the lengths of su('ce.s.sive j)osts, beginning at the rentro of the span, are 
pro]X)rtional to the numbers 1, 2, 3, 4, 5, etc.; for a truss with an even 
number of panels of equal length and all top-chord members inclined, 
the said differences are proportional to the numbers 1, 3, 5, 7, 9, etc.; 
and for a truss with an even number of panels of equal length and all 
top-chord members except the centre two inclined, they are proportional 
to the numbers 0, 3, 5, 7, 9, etc. To illustrate the application of these 
series, let us find the lengths of tlie posts in an eleven-panel through 
truss in which the hip depth is thirty-four (34) feet and the centre depth 
forty-four (44) feet, the top chord bemg nine panels long. There are 
evidently four inclined chord members m each half of the truss. The 
differenoes between the lengths of successive posts, beuig ptoportiooal 
to the numbers 1, 2, 3, and 4, may be represented by x, 2x, 3a;, and 4x. 
This difference between the centre d&ptii and hip depth, or ten (10) feet, 
. 18 then equal to x + 2s + 3d; + 4x, or 10s, so that the value of « is ooe 
foot. The differences betweoi the lengths of successive posts are thus 
found to be one (1) foot, two (2) feet, three (3) feet, and four (4) feet, 
so that the lengths of tlie various posts arc fort3'-four (44) feet, forty-three 
(43) feet, forty-one (41) feet, thirty-eight (38) feet, and thirty-four (34) 
feet. 

The question of the riveted versus the pin-connected truss is fully 
discussed in Chapter XXXll. As explained there. <'aeh type has its own 
place in good construction and should be employed where its advantages 
are preponderant and well defiiKnl. 

In Chapter LIII are diseu^^fd vmiidus items of economy which affect 
the truss in itself as well as in its relation to the structure as a whole; and 
in Chapter LII is given a dissertation on the principles governing the 
flBsthetic treatment of bridges. Arrangements of the roadways to ac- 
commodate the various classes of traffic crossing the structure are fuUy 
outlined in Chapter XVIII; while Chapter LIV gives a Ust of the laetors 
affectmg the layouts of bridges and a complete discussion regarding them. 
This test chapter is especially imiMrtant, as upon the layout adopted often 
depends the success or failure of a bridge enterprise. It covers the most 
important part in the preparation of the design. The various loads— dead, 
live, impact, centrifugal, wind, vibration, and tractionr-are treated in 
CSiapters V to IX, mclusive, while the actuld loads to be used in ^^g"'Bg 
are specified in Chapter LXXVIII. 
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Wind loads rmfy affect any of the tniaB members m ordinary spans 
except the mcfined end posts in throu|}i bridges. In long spans, bow* 
ever, it is necessary to consider the effect of wind. A test d the bottom 

chord section Li L2 in the Pratt truss or L3 in the Petit truss will indi- 
cate whether the wind stresses hifliu'iice the sectioiLs. The weights for 
the floor system, trusses, and bracing to be used in the preparation of 
preliminary estirnati s and final designs for various kinds of structures 
are given on the diajirams in Chapter LV. Stress computations are con- 
sidered to a certain extent in Cliapter X, but the reader is referred to such 
standard texts as • lioofs and Bridges," V)y Merriniiin and Jacoby, and 
"Modern Framed Structures," by Johnson, Bryan, and Tumeaure, for a 
complete treatment of the subject. Combinations of stresses and second- 
ary stresses are discussed in Chapters XllI and XI, respectively. It is 
to be remembered, however, that secondary stresses should be avoided 
and minimizeil just as far as possible, rather than figured and cared for 
by the provision of extra metal. The actual designing and detailing will 
be govmed by the if>edfications in Chapter LXXVUI. However, be- 
fore pteparing a design or the detailed plans, an engineer should be ifully 
oonversant with the cardinal prindples laid down in Chapter XV and 
he should likewise be familiar with such points as affect the shopwork, 
which points are clearly stated in Chapter XVII. The dimensianing of 
truss members for camber is treated in Chapter XXXIH. 

The design and details of the floor and iloor aystem are taken care of 
in Chapter XIX, wfaDe that ci the laterals is given in Chapter XX. The 
trusses alone will be considered in this chapter. In order to handle the 
subject to the best advantage, riveted and pin-connected trusses will be 
treated separately. The riveted truss will be discussed in full, and the 
details in which the pin-connected truss differs from it will be taken up 
afterward. 

The truss consists of two principal parts — the chords, which take the 
stresses due to beiuhng, and the weV), which carries the shear. This divi-. 
sion is not strictly correct, as polygonal chords also take shear; however, 
it is sufficiently definite lor all practical ])urposes, and will be so assumed 
in this treatise. The chords consist of the members forming the upper 
and lower outlines of the tnias; while the web comprises the diagonals 
(both tension and compression), the posts, the hangers, and the inclined 
or vertical end posts. The inclined end posts are really a continuation 
of the top chords, and generally have sections of the same outline and 
construction. 

The make-up of the members f(»ming the truss depends largely upon 
theur function as well as upon the stresses to vthicHi thqr are subjected. 
Figs. 22oo to 22aaa, inclusive, show the arrangement of various sections. 
The fuU 'lines of these figures represent the fundamental elements which 
are always present; while the dotted lines indicate pOTtions which may 
be a^led to give heavier sections, or for some other special reason. 
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The smallest section used oonsistB oi two angles back to back (Fig. 
22oo) riyeted together about eveiy twelve (12) inches with intervening 
WBshers of a thickness equal to ^at of the guBset-i^tes. This secticm 
is empkyed only in the lightest highway spans of the pony-truss type, 
and sometimes in the open-webbed girders of elevated railways. The 
web members of such trusses are composed of unequal legged angles with 
the shorter legs outstandiog in order to obtain rachi of gyration approxH 
mately equal in the two directimis. This is necessary for the oompres- 
son diagonals, although it is not as essential in the tension members. 
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There is, however, an advantage gained by placing the angles in this 
manner even in tension members; vis., that because tiie adjacent angle 
legs are riveted directly to the gusset-plates, the wider these logs the 
more compact the connection. Lug angles should not be used to develop 
the out.^tainling legs of the angles; instead, the sections should be in- 
creased so that they will not be overstressed on account of the eccentricity 
of the rivet groups. The chords for deck structures are usually arranged 
in the same manner as the web meniiiers. However, in pony trusses it 
is necessary to stiilen the top chords transversely as much as possible, .iiid 
in such members the longer legs should be turneil out. A c<>ver-j)latc can 
sonirl lines Im added advantapc(*ously. The chords and the inclined end 
posts are frequently built of two angles back to back with an intervening 
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plate which projects sufficiently h^yond the tip of the adjacent legs to 
permit the connection to it of Uie web members directly. This avoids 
the use of guaset-ijlates; but, of course, it can be employed only for trusses 
with liglit web stresses. 

The thickness of the gusset-plates in these light trusses should be 
gauged by the (ictails at the joint, as it is often more eeoiK^niical, as well 
as more satisfactory^ to use thick plates and a correspondingly small 
number of rivets. The thickness, however, need not exceed that of ])otii 
the angles combined, neither need it be such as to give a bearing value for 
rivets greater than the double shear. As the specifications require the 
angles to be not less than three-quarters (^) of an inch from back to 
back, it is very easy to arrange this detail as desired. 

The gravity lines of all members coming together at an apex should 
meet in a pobt. This is an important fact which should never be for- 
gotten or ignored. 

In maldng up the members of a truss of the typ^ just discussed, as 
few different sections as are consistent with reasonable economy should 
be selected. It should be remembered that the use of a large variety of 
sections in a small structure will often prevent quick deliveries of metal 
by the mills, and in addition it wiU increase the amount and cost of the 
shopwork. In chord members it is sometimes more economical to use 
the same section throughout several panels and thus avoid the splices 
required when different sections are emi)luyed. 

In order to gain greater rigidity in these short, light spans, the angles 
forming the members are frequently spread, those taking compression 
being laced and those under tension being connected with batten plates 
about every three (3) feet. In the bottom chords and the web members 
the angles are generally turned in as shown in Fig. 22pp; while in the 
top chords and the inclined end posts, which usually have a cover-plate, 
they are turned out, as shown in Fig. 2277, in order to increase the 
stiffness of these members. The various members are connected by two 
gusset-plates at c.'ich joint. 

Except for the small pony-truss and the open-webbed girder spans 
just discussed, the truss members are nearly always made up of more 
substantial sections than those previously described. As a rule, these 
are balanced, and consist of two leaves, or parts, tied together with bat- 
ten plates, lacing, cover-plat< s, and in some cases soUd diaphragms. For 
light highway through and deck spans, some of the members are frequently 
built of two angles connected by lacing or batten plates, as described in 
the previous paragn^h, for the reason that the stresses are too small to 
warrant anytiiing else; but in the more important highway structures, 
and in all railway truss bridges, the heavier balanced sections are used. 
These consist of two pairs of angles ui the form of an I and connected 
with lacing, batten plates, or a solid web (Fig. 22tt); two rolled or built 
channels hi the fonn of a box with the flanges turned either in or out 
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and connected with lacing or batten plates (Figs. 22uu to 22xXj inclu- 
sive) or with a laced or solid diapiiragm down the centre (Figs. 22yy 
and 22zz); or two rolled or built channels with a cover-plate connecting 
the top flanges and with lacing on tlic bottom (Figs. 22rr and 22«s). 
In the determination of the make-up and outline of such members, 
various factors must be taken into account, especially the functions of 
the members. Members acting in compression must be stiff as a whole 
as well as in the individual parts that form the section. The metal 
diould be concentrated near the periphery so as to ghre large radii of 
gyration; and it should be distributed so that the moment of inertia 
will be about the same in the two directions, unless the unbraced lengths 
are different. The metal must not be spread out to such an extent 
that the component parts are weak in themsehres even thougji thor- 
' oughly braced. In no case must any individual part of a member be 
weaker than the member as a whole; and in fact it should be some- 
what stronger, as a secondary effect takes place in each part that acts 
in itself as a small column. Tenrion members do not, as a rule, need 
special consideration, except to provide for good details and to ensure 
that the limiting value of the l/r ratio for tension members is not esoeeded. 
They are always made to conform with the rest of the truss. When they 
take compression as well as tension, they must be considered from this 
standpoint as well. Chords acting as beams must be designed for bend- 
ing as well as for din'ct stresses; and it is generally necessary to make 
them deeper than they would be otherwise. 

The sections should be arranged so as to provide the simplest and 
most satisfactor>' details in the span as a whole, and at the same time 
so as to make the shopwork as easy as possible. These two ccvnditions 
cannot always be fulfilled; and when such is the case, the proper detail- 
ing of the span should receive the first consideration. One of the chief 
points of contention between the shops and the bridge engineer is in ro-> 
gard to the turning in or out of the angles in built-up box sections. On 
account of the difhculty the shops have in riveting the lacing when the 
angles are turned in, the latter should be turned out if it is convenient 
to do so. Care should be taken, however, in so doing, to see that the 
members do not become excessively wide and consequently require very 
heavy ladng. Questions of erection must also be coniddered in this 
connection. 

In throui^ structures the angles (3i the top chords and end posts are 
almost invariably turned out, and those of the other web members and 
of the bottom chords turned in. Especially is this true where the ordi> 
nary floor system of stringers and floor-beams is employed, as this con- 
struction provides a smooth surface for the end connections of the latter. 
If the angles of the bottom chord are turned outward, the floor-beams 
have to l)e slotted or cut out at the ends to receive them. If the angles 
of the postii are turned out, they will interfere with the iiuor-bcams, if 
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these should have to be erected after the tnissee are op. Also the end 
details of the web members are not satisfactory when the angles are 
turned out, ss this neoeasitates runmng the leaves which make up the 
sections outside of the gussets, and thus prevents placing the tie plates 
dose to the ends. This is eepecially important in compression membefs, 
where it is necessary for the two halves to be thoroughly connected through- 
out thdr full length. 

Under certain conditions the angles of the bottom chords of through 
bridges can be turned out without 'the foregomg disadvantages. This 
was done by Boiler, Hodge, and Baird in the Congress Street Bridge at 
Troy, N. Y., described in the Engineering News of March 25, 1915. In 
this case the floor panels had a const aul length of ten (10) feet through- 
out, while the truss panels varied from the end to the centre of span. 
Rolled I-beam stringers and shallow built floor-b(>ams were adopted; and 
the latter were riveted to the l)()ttoni ciiords directly. The chords and 
the floor-beams were of the same depth, and the corners of the latter 
were coped for the outstanding angles of the fonner, the end connections 
hc'm^ made in the* depth of the Wfh between the angles. The web mem- 
bers had their flanges turned in. 'i lir same construction can be employed 
on through bridges with shallow flo(jrs where either troughs or I-beams 
are riveted between the bottom chords or where the floor ^stcm is con- 
nected below them. 

In deck structures the lx)ttom chord angles can be turned out, with 
the additional advantage of providing a good connection for the bottom 
laterals. The flanges of the web members are sometimes turned out; 
but for the reasons mentioned previously they should be turned in. When 
the floor lies entirely between the trusses, the floor-beams are dropped 
just below the top chord, and the angles of the latter are turned out. 
The same arrangement am be adopted when additional roadways are 
placed entirely outside of the trusses. When, however, the roadway 
extends over the ktter, it may be necessary to bring the cross girders 
to the top of the diords, in which case the angles should be turned in. 
In case a shallow floor construction is employed, as described for through 
bridges, the chord angles can be turned out; and this same arrangement 
can l>e adopted for railway spans iu wliich the ties rest directly ou the 
top chords. 

When I-sections are used for the bottom chords and w< 1) members, 
the widths of these may be dependent upon their own make-up or upon 
that of the top chord. When V)()X sections are employed, the width is 
generally determined by the nieniluTs which have their flan^("< turned in. 
The distance between the tii>s of sucli flanpes should never be less than 
five (5) inches, as this space is nin essary for riveting on the lacing and 
stay plates and for painting. In fact, it should preferably be increased 
to five and one-half (5^ 2) or even six (6) inches. The widths of com- 
pression members should be consistent with their lengtbus. For top chords 
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the itttio of the length to the least radhis of gyration UBuaUy noges from 
thirty (80) to forty (40), although for abort ipans it may run as hi^^ 
as sixty (60) or evm seventy (70). For web members this ratio usually 
ranges from fifty (50) to ninety (90), at times reaching as high as one 
hundred (100). The maximum allowaJble limits are given in the Bpeci- 
fications of Chapter LXXVUI. 

The depths of the main members depend to a large extent upon the 
stresses they have to cany. The metal must not be piled up uiuhily, but 
should be so disposed that a well-proportioned section will be the result. 
In addition due consideration must be given to the truss as a ^\'ilole. It 
should have a substantial appearance, which can be attained only by a 
proper proportioning of the members. With built channel scriions the 
top and the bottom chords are generally made of about the same depth, 
the lx)ttom chord being the deeper by a few inehes. as there Is more metal 
in it.s webs than in those of the top chord, due to the use* in the latter of 
the cover-plate and heavy bottom angles and to the necessity for consid- 
ering both the ratio of I over r and the general restrictions goveniing the 
make-up of compression memben. When rolled channels are employed, 
the same depths are ahnost invariably adopted for l>oth chords. This 
Is likewise true where cover-plates are not used. When either chord is 
subjected to bending in addition to the direct stresses, it must be treated 
as a beam; and this requires a considerably greater depth than would 
be neoeasaiy otherwise. Hie inclined end posts generally have the same 
depth as the top chords. The end web membersi likewise, have about 
the same depth as the top or bottom chordi although sometimes tlu^ 
are a trifle shallower. The depths of the intermediate web members 
diminish toward the middle of the span on account of the decrease in 
the sectional areas. Hangers, sub-members, and stiffening struts are 
made of such depths as are necessary for thek particular requirements. 
Where floor-beams attach to these tlu y must be wide m>ugh to provide 
for a good connection for the beam itself as well as for that of the memlx?r 
to the gu.sset-plate. If sufficient rivets for both cases cannot Ix' secured 
in the width of the floor-l)eam coiuieetion jin^des, the member must be 
made wi le enough to allow for whatever rivets jire needed. 

The most eeonoinieal of the built sections within reiLstinable limits 
is ihv four angle I, shown in Fij?. 22//, with a single line of lacing, batten 
plate>i, or a web-plat4\ Side-plates are ad<l<'d, as indicated, for the heavier 
sections. It has the fewest parts, is eoiiipuct and rigid, is o]xm so that 
both the shopwork and tlic tiddwork are the sinii>lest possible to o!)tain, 
and is easily painted and maintained. It is well suited for the tension 
members of trusse^s of metiium span-length, as well as for struts and 
hangers employed to support the main members. It is likewise adapted 
to short posts, although the section is not the Ix^st for compression mem- 
bers when the length is considerable. When used for tlie bottom chord, 
the web plate should not be employed, the two halves being connected 
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by batten plates or larinp; as othcnvise a trough is fomiod which will 
collect dirt and water and thus involve trouble in protiH tiug the steelwork. 
In hangers or ix)sts carryinjr floor-beams directly, the employment of a 
web should l>e carefully con.>sidered, as a solid plate is needed in any case 
for a distance equal to the depth of the floor-! k hih. and it might be more 
economical to extend it over the full lengtli of the nunnbcr and make 
it part of the section. This is especially true in very narrow members, 
in which it is not infrequent to find the wel>plate weighing kes than 
ladng, which, of course, cannot be oonnted in the aection. The flame 
also holds true for other tcnsbn and oomprossion nienibenB. 

When heavier sections than the four-angle I are required for the 
bottom chord and the web members, those shown in Figs. 22tm to 72xx 
are employed. These are either laoed or connected with batten plates 
cm the open faces. For small Bections, rolled channels with flanges turned 
dther in or out are used; and when a greater area is needed than the 
channels alone will provide, side-plates are added. This permits of 
varying the section without changing the depth, and is of particular 
advantage in the bottom chord. However, the use of such side-plates 
piles up the metal considerably, which results in a nuM»rial loss of net 
flection in tension members, and a reduction in tiie radius of gyration 
for compression members; so that ordinarily, where the maximum rolled 
sections do not give sufficient area without additional plates, the built 
channel should be resorted to. 

The built charmels shown in Figs. 22u'w and 22xx lend tiieuiselves 
to any variations whatsot^ver, the oidy limitations l)eing the sizes and 
lengths of the rolled sections. Various factors, however, will detennine 
the best arrangement for any given truss. 

In the first place, the sections must l)e in conformity with the rest 
of the structure. Short light spans will have small sections, while the 
longer and heavier trusses will have larger ones. The former, as a rule, 
involve no trouble in the determination of their make-up, wliile the latter 
may give considerabie. As most of the metal is in the side-plates, the 
possible variations for any given area are mainly in the thickness and 
depth of these. The thickness is limited only by the permissible grip 
for rivets — the larger the rivet, the greater being the limit for grip. These 
limits are fixed by the specifications. The depth, on the other hand, 
should be kept down to prevent excessive secondary stresses. The length 
of the panel adopted for the truss plays an important part in this; for 
the longer the panel, the greater may the depth be made ocmsistently. 
In the 423' spans of the Fratt Bridge over the Missouri River at Kansas 
CitF» Mo., the section shown in Fig. 22666 was used for one of the bottom 
chcHxIs, while that illustrated in Fig. 22cGe indicates the make-up of odb 
of the bottom chord sections for the 287^ span of the O.-W. R.R. A N. 
Co.'s Bridge over the Willamette River at Portland, Ore. These figures 
represent typical sections for heavy built-up members. 
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As few as possible of the different sises of rolled sections, as well as of 
sections of members themselves, should be adopted in proportioning trusses. 
MoreoYer, special sections should be avoided, as the mills mSi not make 

quick deliveries on them unless the tonnage is large; and even in such 
a ca.se they may object to doiiiK so. In this connection it might be well 
to state that the list of standard plates given in Chapter XVII should be 
kept in mind. 

FuH-depth wel>-plates in truss members should l)c employed, unless 
it proves urnn'onomical to do so; because plates U'twccn the aiigl^ 
increas<; the sliopwork in more than one res{x*ct. These plates require 
extra rivets, as it is necessary to tack them to the main webs along each 
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6 PLs. 60"X H" 
2Pl8. 44"X \" 
2 Pis. 58" X \" 
4 Lp 8" X 8" X 1" 

FlO. 22666. Typical Hottoin Chord Sec- 
tion for the 423-foot Fixed Spans of the 
YmtX Bridge over the Miaaouri Riv«r at 
KansM City, Mo. 



6 Pb. 12" X \" 
2 Pla. 26" X \" 
2 PLs. 39i" X H" 
2 Pis. 26" X 1" 
4L« 8" XS^xr 

Fia. 22ccc. Typical Bottom Chord Sec- 
tion for the 287-foot Spun of the 0.-\V. 
R. R. A N. Cki.'8 Bridge over the Wil- 
lamette River at Portland, Ore. 



e(ip;e, and closer spaeiiifj; than that onlinarily employed for si itch rivets 
will have to \w rt'sorted to. Moreover, those rivets will reduce the net 
sections of tension niemhers to a greater extent than is the ca.se where 
only full-<leptli wel)s arc eniploj^ed. In compression nieml>ers such 
narrow plates tend to reduce the radius of gyration on account of the 
concentration of metal near the centre of gravity. It should not be lost 
sight of, though, that these plates provide an e.xeellent means of varying 
the s<»ction in continuous members, as is explained later. \\Tien em- 
ployed, their width, ordinarily, should be three quarters (^) of an inch 
less than the clear distance between the angles in order to provide for 
the overrun in the latter as well as for the weave in the plates. In very 
heavy sections, it may be advisable to increase this to as much as one 
and one-quarter (1^) inches. These two figures are suggested in order 
to permit the ordering of these narrower plates in widths of inches or 
half-inches; for the depths of the web-plates are al\\ ;o ^ made la even 
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inches, and the distances back to back of angles should be one-quarter 
(^) inch greater than the said depths of the web-plates. 

As few web-plates as possible are advocated by some prominent engi- 
neers even to the extent of using the thiekest obtainable and drilling them 
in preference to empkiiyiiig a laiger number of thinner plates and sub- 
punching and reaming them. There are certain definite advantages in 
adopting the fonner praotioe, while there are likewise decided dia- 
advantages. By having a smi^ webiilate far each leaf, all stttdi rivets 
except tiioee connecting the anfjim to the plates are avoided. This saves 
material in tension members in that fewer holes are taken out of the 
section, while it also economizes in the shopwork in that it reduces the 
number of parts to haiidled jis well as the number of rivets to be driven. 
The first-mentioned economy may not be realized on account of the 
rivets requiri'd in the lii\st row in the splice-plates or the gusset-plates, 
as tlie case may be; for, as mentioned lat<'r, this point generally deter- 
mines the net section of the tension meml)ers. Its principal disadvantage 
is that it requires full butt splices at every point where the section changes 
in continuous members; and this augments the amount of materijil 
necessary for the truss. In addition, in the hea\'icr sections it causes 
an increased thickness of the metal at splices, which may be too great 
for the rivet grips specified. The most economical splice is the shingle 
sphce, which can be employed only when the webs are built up of a number 
(rf plates; and this splice has the advantage, in heavy trusses, of keeping 
down the thickness of the metaL 

In the web members of trusses with 8ui|^ gusset-plates on each side 
at the panel-poinAs, the single webs will undoubtedly be economicai; 
and the same will be true in other cases of moderate sections where the 
advantages of shiog^ splicmg are not so pronounced. However, in 
heavy trusses where it is necessaiy to use several gusset-plates per side 
and where the sections diange considerably, the webs should be built 
of a convenie&t number of plates. Naturally, the heavier the sections 
the thidcer can the webs be made economiddly, just as under such con- 
ditions the size of , the rivets is increased. 

It is this same condition, the necessity for the use of hcav^' members, 
that merits the consideration of inside jiiates between the angles. This 
is of particular importance in the bottom chords of long spans wliere a 
large variation takes place between the centre and the end sections, and 
win re considerable difticiiUy is encountered at times in arranging these 
sections to the best advantage. Where, for other reasons, stitch rivets 
are unavoidable, there seems to b(> no reason for objectuig to the plates 
between the an2;les, exce])t tliat a few extra rivets are required. Even 
this miglit not be necessary, if web-plates are added over the angle legs. 

The fact that the procurable lengths of plates decreases with the in- 
crease in size must be given careful con.sideration. With the shorter 
plates the splices might not work out satisfactorily, and in addition there 
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might be a loss in economy on account of a possible increase in their 
number. Another point that should not be lost si^t of is the fact that 
it is sometimes more economical to use the same section over more than 
one panel length than to introduce an extra splice. This, however, should 
be verified for any particular case. 

The an^^ for built-up box sections depend on the sise of the latter. 
For the smaller ones ZH" X Z}<i" angles are largely used; but as the 
aectioDS increase, 4f' X 4'' and even laiger angles are empic^ed. Tlie 
smaller the angles the smaller will need to be the width of the member 
In order to accommodate the fabrication; and this is of importance in 
short spans, except where an increased width would not prove uneconomi- 
cal. The use of 4'' X or X ^H" angles with the shorter legs out- 
standing is frequently advisable on ^lis account. Large angles, on the 
other hand, are advantageous for compression members, as their use in- 
creases the radius of gyration with a consotiuent reduction in the an u 
required. Anuther point that must be considered is the employment of 
web- or splice-plates over the legs of the angles. \\Tiere this occurs there 
must be sufficient space for the rivets through the horizontal legs of the 
angles; and the said legs must he long cnougli to provide therefor. In 
the heaviest sections the adoption of four angles at toj) and four at 
bottom has sometimes been resorted to; but the autlior dot^s not al- 
together like this method on account of the clumsy details at the joints 
necessitated by such an arrangement, in members carry mg transverse 
loads it must be remembered that the angles act as do the flanges in 
ordinary girders; and for this reason heavy angles are advisable. 

The sections shown in Figs. 22yy and 22ce, consisting of built channels 
with a centre horisontal diaphragm of angles and lacing or of angles and 
a web-plate, are sometimes used for compression members. When em- 
ployed, the open faces are comieeted by batten plates. These fcnm veiy 
rigid sections, and are especially adapted for large and important members. 

For struts of secondary importance where neither the four-angle I 
nor the rolled channd section previously described is stiff enough, the 
four-angle section shown in Fig. 22aaa is well suited. Hiis is laced on 
all four faces; and it lends itself veiy readily to any desured outline. 

The sections shown in Figs. 22rr and 2289 are used exdusivdy for 
the top chords and the end posts— ^that shown in Fig. 22rr bong employed 
for light spans, and that in Fig. 2288 for the heavier trusses. Their make-up 
Is similar to that of the channel sections previously descrilxnl; and the 
same sta,tements hold in respect to both. The (•over-j)!atc is iuliied to 
give rigidity to the chord, and especially to the end i)ost, whit h, in throiifjh 
spans, is subjected to transverse bending as well as to direet stress s. 

The width of the eover-plate is determined by that of the web memln rs 
in the smaller trusses, while in the larger <»nc> it depends on the propor- 
tions of tlie section itself. Ordinarily it is made from one (\) to eight (8) 
inches more than the depth of the member. The greatest di£[ereace is 
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aeoe mu r y in the small sectioas where the webs are oomposed of rolled 
chaimels; and as the sections increase in area this difference becomes 
smaliery until in the largest members the width of the cover-plate is made 
about equal to the depth of the side-plates. 

The cover-plate should always extend beyond the edges of the top 
ani^ enough to take care of any ovemm in the latter. For small sec- 
tions its width should exceed by at least one-half (H) u^ch the distance 
from tip to tip of angles; and for the laiige ones, this allowance should 
be increased to one (1) inch. 

Except in sudi atmonnal constructioDS as pony trusses, in which 
excessive chord width is essential, the radius of g>Tation of the top-chord 
section about its vortical axis should be only a little greater than that 
alxjut the horizoutal axis. It is advantageous to have it somewhat larger 
on account of the bonding in tho inclined end posts. 

Tt is desirable to keep down the thickness of the cover-plati* in order 
to avoid the concentration of a large amount of metal at the top, and the 
consequent difficulty of balancing ^nth a correspoiiding amount at the 
iHjttorn. The specifications, however, prevent using a cover-plate having 
a tlnckn(»ss less than one-fortieth f^^o) of the distance between the 
inner rivet lines. To overcome this unbalanced condition, the bottom 
anises are made henvy with \^ide outstanding legs. This lowers the 
centre of gravity of the section, which should })e maintained as near the 
centre of figure as possible. Angles, 5" X 33^", 6" X 4", and 6" X 6", 
are ordinarily used for these flanges, with 8" X 8" angh s for the heaviest 
sections. Generally only two U}p angles are employed, and these are 
zyi" X 3)4" or 4" X4" in site, but for heavy sections he&vier angles are 
necessary. Moreover, the addition of inside angles, of the same sise as 
the outride, is sometimes resorted to, especially when the chord is rather 
wide and when the use of the angles will reduce the thickness of the cover- 
plate. The author does not follow this practice excqpt in the heavier 
sections on account of the trouble it presents in the details at the q)lices 
and joints. Inside bottom angles, likewise, have been used; but, as in 
the case of the top angles, the author resorts to them only in the heaviest 
sections, and even then he prefers to omit them. 

Fig. 22ddd shows the section of the sp(H'ial type of top chord evolved 
by the author e^irly in 1907 for the 423' fixed spans of the Fratt Bridge 
over the Missouri River at Kansas City, Mo.; but it was not used in 
the final design because it was consitlcred by the shops to be too great 
an iiniovation. It consists of a closed-box section made up of side- 
plates, top and l>ottom x^airs of angles on each leaf, and top and 
bottom cover-] )lates. The section was stifTeut'tl with crass diaphragms 
about every ten (10) feet. It was large enough to i)ermit a man to pass 
through easily for both inspection and painting; and openings were left 
in the cross diaphragms to give passageway over the full length of the 
span. Qosed sections of a somewhat similar mak^p have lately been 
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used in the designs for the Quebec Cantilever and the Hell Gate Arch 
bridges. 

In determining tlio sections of the truss members, after the stresses 
have been figured, it is necessary to consider all of the members together 
to a greater or less ejctent. The sizes of these and the question of turning 
the flange angles in or out are important factors in the problem; but the 
spiicing and the gusset connections are even more important. Special 
consideration must also be given to trusses with polygonal top chords, 
where the splices have to be made at the joints. 

In small trusses where rolled channels and four«n|^ I's are used, 
moijie guflset-platee, one on each side ci the joint, are all that are necessaiy ; 
and these usually are of minimum sections. The backs of the channels 
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2 Cnv. vh. r,i" X W 

4 W eb Pis. FA" X H" 
2 W t4) Pis. 54" X I" 
41*6X6" X r 
4U8X6"xr 

Fio. 2Mdd. Propoeed Top Chord Section for the 423-foot Spans of the Rratt Bridge 

over the Miaeouri River at Kansas City, Mo. 

in the top and the bottom chords are lined up, and the gusset-plates aie 
placed against them. The in-to-in of the gussets is kept constant, as Is 
also the out-to-out or in-to-in of all web members, depending on whether 
the channds are turned in or out. The same arrangement is employed 
where built sections conststmg of single plates and a paur of angles are 
used. 

However, where compound webs are advisable, a different atuation 
arises. In this case it is necessary to arrange the plates and angles for 
simple and economical splicing and for effective pfusset connections. 
While siiml< gussets are sufficient for onHnarj' sp«'nis except at the hip 
and the cml bottotn chord joints, their tliickness gcnt iaily varies, decreas- 
ing from the cntl of the sj)an to the centre. As it is dcsiiaijlo to keep the 
web nienilxjrs the same distance from out to out wlien- tlie anph^s are turned 
in, the (hstaiice in to in of ^;ussets should hi' n>ade (•on>tant. This is 
very simple where tlie flanges are turned in, as tlie eliords can then Ix; 
arrange<l in the same numner as are the \vel> meml>ers by hxing the (hstance 
from out to out of weh-plates. In thiss cubo the makc-up of the truss 
members is affected only by the spUces. 
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The minimum and the mATimiim sections of the chords should be 
detennined first, and those intervening should then }>e arranged to cor- 
respoiid. Naturally, there has to be a cuttiDg-^nd-trying until the best 
layout is secured. The end or smallest member will generally consist 
ol two plates and four an|^ If practicable, the same section of plates 
and angles should be used throuc^iout the entire chord, the increase in 
areas being made by the addition of full-depth pbites and plates between 
the angles. The latter should, if possible, be ol the same thickness as 
the angles so as to avoid llie use of thin fillers at the splices. The addi- 
tional full-depth plates should, preferably, likewise be <tf the same thidaieas 
as the angles. As fiill-depth plates are added, the angles are offset toward 
the centre; and, consequently, the middle section will determine the 
width of the chords a.s well as that of tlie web menil^ers. This method of 
l)iiil(ling the sectit)ii8 of the chords jK'nnit'< tho shingling of the plates and 
aii^^Ics at tho spliros, which rochicos the tliicknos of nictal at these points 
MS wt'll ;is the amount tliereof recjuired for sphcing. Sometimes the 
miniiimm chonl section is comjKJsed of four wehs and four angles. In 
this case the nietliod just outlined should ho followed. 

Where the angles of the chords are turned out. a somewhat similar 
procedure will he advisable. In tins case, though, the angles should, 
preferably, be kept in line, and the phites offset. This arrangement is 
of greater value in the top chords and end post.s, which have cover-plates, 
than in the bottom chords where no cover-plates are used, both because 
of appearance and Ix^cause of the advantage of keeping the gauges in the 
angles and top plate constant throughout. As the chords increase and 
the gussets decrease in thickness from the end to the centre, a balance 
may be struck for maintaining a uniform distance from the back of the 
an^ea to the inside of the gussets without making the latter heavier than 
necessary. If this cannot be done, certain of the gussets can be slightly 
Increased in thickness, or thin fillers can be inserted between than and 
the diords. FUlers, however, are a nuisance both in the shops and in 
the field; and they should be avoided just as far as possible. On the 
other hand, though, metal should not be wasted in the gussets to any 
extent in order to avoid fillers. 

As far as practicable, the make-up of the chords should he such that 
there will be the minimum amount of splicing of partes necessiiry in the 
shops. I'sually the field splices are placed in alternate panels, and soukv 
times in evi ly third panel. This introduces one or more changes in the 
section between these p<iints. Where it is economical to do so, the .sjune 
section can be extended over more than one panel and the shop splice 
avoided. 

In hea\'\* trusses two or more gusset -plates per side are needed in order 
to transh-r the stres^^'s to tlie various memlH'rs. Where the chord plates 
can l>e secured in lengths suflficient to extenil ov'er more than one panel, 
they are spliced outside of the joints. The increases in section can be 
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spliced into the gussets very economically. The web members should 
be shingleU-in with the gussets in the same mamier as is done in the 
chord splices. Whea the chord plates are so large that they cannot be 
secured in lengths great(T than that of the ordinary panel, it is ne ccoan iy 
to splioe th»n at all joints; and in this case the web-j^tes of all tiie 
members meeting at a point diould be arranged so that th^y can be 
shingled-in with the gusset-plates, the latter being used for splice material. 
The former arrangement was employed on the O.-W. KJR, dc N. Go.'s ' 
bridge over the Willamette Bivw at Portiand, Ore., while the latter was ; 
adopted for the unusually heavy trusses of the 423' spans of the before- 
mentioned Missouri River Bridge at Kansas City, Mo. In such heavy 
structures it is almost impossible for the designer to arrange the sections 
unless he makes a particular study of the joints and the gusset -pi ut<is 
required. As a nde, it is lx»tter for him to determine ihv uiitlino of the 
sections iind their tentative make-up, leaving the final arrangement to 
the detailer. 

For trusses with polygonal top chords, it is always necessary to splice ] 
these at the panol-iioints. Full hutt-spliccs arc prcfcral»lc when* the 
speciiications permit r( l\ ini: ufxin the al)Utting of a piven jxrccntagc of 
the set tion. \\ Iuk a full splice is retiuired, the gussc»t-plate5 should l)e | 
used for splicing the adjoining stn-tions in the same manner as was just 
described. The web and the bottom chord members do not present any ' 
different problems from those met with in the trusses with parallel chords. . 

Fig. 22(re shows the details of the trusses for a 271' span which was 
dedgned by the author's firm. This indicates the nuumer of building the 
truss sections as just descril)ed. Fig. 2^ff illustrates the details of the i 
floor qrstem, laterals, and shoes of the same span. 

In proportioning the members of any truss, sections compiled horn 
previous structures should be consulted; and if such a compilation is not 
available, some standard work such as Osbom's Tables or Merriman i 
and Jaooby's '^RoofiB imd Bridges" will prove very useful. Kuns in his 
recent book, "Design of Steel Bridges," gives several exoellent tables of 
the ordmary sections of truss members, covering quite a wide range of 
areas. The make-up and the area of each are shown, as weU as the radius : 
of gyration for ihc compression members. Where such tables are not 
at hand, a competent designer wall have no difficulty in determining the 
sections. The compression meml)ers reiiLirc the greatest amount of work, 
as it is necessary to know the radius of g>Taiioii, at least approximately, 
before the unit stress can Ije determined and the area computed; and 
this cannot be settled until the section i- known. Tal)l(> 22/7, giving the 
approximate radii of gyration alx)ut the iwo principal axes of all forms ; 
of sections ordinarily used for compression members, will prove very 
helpful. From ¥\ii. UW the location of the point of contrallexure in the 
end posts of through bridj^es can l>e taken. Tension members of any 
fixed net section should have the minimum gross area piracticab&e. This 
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will be detennined by the first tow of rivets in the splice or the gusset* 
plates. Fig. 166 enables the net section for various spacings of rivet lines 

and gauges to be readily computed. 

In this coimection it mifrht be well to call attention to the folly of 
filling the menil^ers with inin('('es.sary rivets. Such procedure simply in- 
creases the shop cost without any advantage to the structure. The 
specifieations sliould not be ig;nore<l to the extent of using to(j few rivets; 
but neither should an excessive muiiber be employed. This is a common 
fault of a groat lunuy draltsiucn, especially begiiuiers. INIoreover, the 
rivet spacing should be arranged for multii)le punching. No member 
should he extended into another unless the two are at right angles to 
each other; consequently the tliagonals should n()t be run inside of the 
chords. Ordinarily, there is no particular advantage in extending the 
posts thereinto; and in all probability there will really be a w.iste of 
material in doing so, as the connection can be made satisfactorily below 
the chords, thus fitting in better with that for the diagonal members. 
However, in deck structures with the floor .system attached below the 
chord, the post should be extended into the latter in order to support it 
thoroughly. In Triangular trusses the vertical members sustaining the 
chords should be extended thereinto whenever this is possible, the gusset 
plates bein^ omitted. 

Another pomt that needs consideration in the designing of the chords 
is the connection of the laterals. Where their intersection does not fall 
on the centre line of the chord, the effect of the eccentric wuid stresses 
may increase the section slightly, although this rarely is the case except 
in ver>^ long spans. Moreover, only the loaded chord, as a rule, needs 
attcnli<tn. A short investigation will tell whether such is the case or 
not. Chapter XX on "Laterals and Sway Bracing" discusses this point 
fully. 

The details of the truss members are as important as the sections 
themselves, if not more so; for exi)ericnce has shown that most bridge 
failures have been due to faulty details rather than to incorrect propor- 
tioning of niain members, althougli tlie latter has not l>een lacking al- 
together. Some of the most nnj)ortant recent considerations have been 
along the lines of ilu- bracing ni'cessary to makt* the component parts of 
a member -^^'^ '^^^^ a whole; and especially is this true ui regard to com- 
pression naeniliers. 

The p«uiis composing the different truss members are variously con- 
nected, depe^di^K on the function of the latter as well as on the size of 
the sections. The two leaves of oompression members are connected by 
lacing at both top and bottom, by a central solid diaphragm with batten- 
plates at top and bottom, by a top cover-plate with bottom lacmg, or 
by cover-pI**®8 at top and bottom. Lacing on the two open faces is 
weA for compression web members, and sometimes for the top chords, 
* wiieu these Bte fonned of two rolled or built channels of ordinary section! 
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It is figiirod according to the formula given in the spi cificjitions of Chapter 
LXXVIII, wliich specifications fix also the minimum sections allowable. 
In Chapter XVI on "Detailing in Geupral" the subject ol lacing is very 
fully discussed. In Figs. Iba and 166 are given curves for the w<'ights of 
various types, both single and douiile, for diffenMit distances from centre 
to centre of rivet Unes; and Fig. iOc can l)e employed for the dpsifrii of 
lacing. From these diagrams the most economical lacing for any given 
section can readily be determined. The top chords generally have cover- 
plates, with lacing in the bottom plane. In this case the lacing is designed 
in the same way as it is when iLsed on both faces, the cover-plate being 
ooDsidered as one of the planes of lacing. For the heavier built sec- 
tions many engineers advocate the central solid diaphragm consisting 
of four.an^es and a web with battm-plates on the open faces. Some- 
times lacing replaoes the web-plate. Either detaO malces an exception- 
ally good section; In the same way the use of cover-plates at top and 
bottom have come to reidaoe the lacing in the very heavy secttons, as 
th^ can be depended upon to a much greater extent than the ladng, 
especially when properly stiffened; and they can also be counted in as 
part of the area of the member. Lacmg, when employed, should always 
be arranged so as to permit of easy access for painting. For this purpose 
a cylinder four (4) inches in tliameter should be capable of insertion be-" 
tween any set of l)ars and the main section. 

The two k'aves of tension wel) members are usually connected by 
batten-plates except where counter-stresvses compel them to take ccm- 
pression as well as tension, in which case they are laced Hke ordinary 
compression nu inlit t^. The two end panels of the bottom chords also 
should geiicrnlly he lac<'d. This is more important in railway bridges 
where the tiirust from braked trains, either steam or clcttric, may be 
considerable; and in this case they should not be omitted. In ordinary 
highway spans, however, such a refinement is not necessary, and batten- 
plates ordinarily can be adopted throughout th(^ bottom chord. Batten- 
piates 9" X spaced three (3) feet centres will suffice for ordinary sec- 
tions; but for the larger ones, the batten dimensions will have to lu- deter- 
mined according to the specifications in Cliapter LXXVIII. For the 
veiy heavy sections lacing will have to be resorted to from the view- 
points ol both fabrication and shipment as well as from that of erection. 

Stay-plates must be used at the ends of aU built members, and they 
should confonn to the specifications of Chapter LXXVIII. They should 
be placed as near the ends of the members as practicable, and should be 
estended wdl inside of the gusset-plates. Whm the latter are placed 
inside of the member it is difficult to obtain tiiis result, and it is largely 
for this reason that the author advocates turning the angles inward. In 
the case of the top chords with the angU^s tumiHl out, the proper staying 
of the web minibers likewise stays the bottom flange of the chord. In 
placing the stay-plates, care should be taken to see tliat all field rivets 
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can be readily driven or that means can be arranged for so doing. In the 

lower chords the bottom lateral plates are extended across the member 
ami form the lower stiiy-plates; and at the top two ntaj-plates are gener- 
ally employed, one on each side of the paiu l-jKjmt. They should be 
arranged so as not to interfere with the tlriving of held rivets in the bottom 
chord. The stay-plates in-ed not be placed at the extreme end of the 
posts near the floor-beams because the diaphrap:ms effect the same purpose. 
They sliould, however, extend past the ends of the latter from six (6) to 
twelve I 12) inches. 

Diaphraj^ms are required in the truss members at the panel-points for 
the full depth of the floor-beams so as to equalize the panel load on the 
two leaves of the truss. Where the Iwttom chords have then* angles 
turned in, it is neoessaiy to bn\ak the diaphragms and make them in two 
pieces. They are generally built of four angles and a web-i)late. The 
outstanding legs of the angles must be of ample width to provide for the 
floor^beam connection. Similar diaphragms are necessary in the chords 
which carry the floor system in bric^ses that have shallow floors. When 
the floor-beams are placed close together, say from one (1) foot to two (2) 
feet centres, the diaphragms need not be located at every flooivbeam, 
as a spacing of from three (3) to six (6) feet will suffice. When the beams 
are spaced much farther apart than two (2) feet, a diaphragm should be 
placed at every beam. The details must be ample to make the chord 
act as a whole. 

A common but very faulty practice in detailing trusses with single- 
plane sway-frames and portals is to connect these dirt^ctly to the webs of 
the iiiiif 1 rhaiincls uf the web numbers wit hunt the use of rros.> diaphragms. 
The latter detail should never omitted. In fact, horizontal diaphragms 
to carry to the lacing at the sides of the posts any stres.ses that might 
exist i!i the bracing would \yc a furllier s!e[) in the right direction, but it 
is (|u< >! ionabl(> whether such an innovation is of suthcient importance 
to be warranted. 

Where the truss members are very heavy and ihirty-six (36) inches 
or over in depth, cross-diaphragnis. spaced from six (6) to ten (10) feet 
centres, should be employed throughout their length. Without the use of 
such diaphragms it is very difficult, if not impossible, to hold the members ' 
tni(» to shape and line and to prevent their warpinp: during fabrication. 
They likewise aid in securing accuracy in the widths of the members, 
which is a very important matter in large trusses where a failure in this 
particular would cause a large amount of extra shopwork. In addition, 
they help to stiffen the sections and to make the handling of the members, 
both in shipment and in erection, much easier and safer. For the smaller 
of the sections needing diaphragms, a three-eighths Qi) inch web*plale 
with two uigles 3)^" X SH'* X one on each end, will be suffideni, 
unless the member is very wide, in which case it will be necessary to 
add a stiffening angle at top and bottom <m the other side of the {date. 
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The end anglos should \)0 placed Jigainst the webs of the truss memhers 
between the flange angles th(>reof, and the diaphragm itself need not he 
deeper than the length of its attaching angles, especially when the open 
faces are laced. When batten-plates are employed instead of lacing, the 
diaphragms should be ])laced at the points where these occur; and when 
their width demands horizontal stiffening angles, the diaphisagm plate 
should extend up to the batten^plate, and the two should be connected 
by the said stiffening angles. In the heaviest sections it may be advisable 
to use dght angles for each diaphragm. In case the latter is extended 
over the flange angles of the chord, fillers should be inserted under the 
ends, unless side-plates abeady occupy the space. To secure accurate 
adjustment in the widths of the truss members, either the ends of the 
diaphragms are planed or the angles are set to a gauge made for the punx)se. 

The splicing of the meml>ers of a truss is one of the most iin{K)rtant 
parts, if not the most important part, of the work of preparing the plans 
for a bridge; for if this is not done thoroughly and scientifically, the 
greatest care in the determination of the layout, the stresses. aTid the 
seetioiLs will be of little avail. The old saying "a chain is no stronger 
than it.s weakest link" cannot be emphasized too strongly in this connec- 
tion. And it is a fact that whil(^ the sections of the members can be 
determined to a nicety, the si}lices and the connections (which, in reality, 
are nothing more than spUces) do not lend themselves to definite analysis. 
Various assumptions, more or less arbitraiy and uncertain, have to be 
made; and even so far as these are concerned, very little has been written 
that will throw any light on the subject. Of course, such statements do 
not refer to small sections, where splices of the simplest nature give prac- 
tically no trouble whatsoever; but they do refer to the large structures 
that require veiy heavy sections and extraordinary details. No doubt 
this condition is due to the very recent development in large bridgework, 
heavy riveted trusses having come into use practically within the last 
ten years; consequently sufficient time has not yet elapsed for arriving 
at the best methods to be followed either from a theoretical standpoint 
or from one that is based on actual tests. While all engineers are familiar 
with the action of a beam with parallel edges and can test a secti(m normal 
to these, the determination of the stresses on an obliciue se<'tion {)resent.s 
a different jirobleni; and when the edges are inclined to each other, the 
case becomes even more involved. All of these situations are met with 
in the testing oi gusset -plates; and while they are oi little importance in 
small spans w^here the gussel-phites are of minimmn thickness and are 
more than ample for the stresses imposed on them, in heav>' structures 
their consideration is most essential. In this chapter the author will give 
such methods as he hius developed in the solution of their designing. They 
are the best that his office has been able to evolve, and can be safely em- 
ployed until further investigations give simpler and more accurate metho^. 

The term " sphce is ordinarily assumed to refer to the eonnecWoTibe- 
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tween two parts of a mcinlKT, the sections of which may be identical or 
may vary s!ip;htly but are of the same general oiitline. Each chord 
in this coimection is ( onsidered as a single member, wliich in reality it 
is. This is true even in the broken top chord, the only difference being 
the necessity of making the splices at the panel-points. While the attach- 
ment of the web members to the chords (or, more strictly speaking, to 
the gusBet-plates) is in the true sense of the word a splice, it Is invariably 
spoken of as a oionneotion, and will be so treated in this discussion whoi 
dealmg with the gussets at the jdnts. 

In trusses two types of q)lioee are employed — the buttnapUoe and the 
lap-splioe. The fonner is almost invariably used for compression mem- 
hm, as it is more economical because of the fact that the majority of 
specifications require the full buttnafplice to be made only partly as strong 
as the main section, whereas the lap-splice has to be as strong as the 
member itself, or even stronger. It is evident that the butt-splice may 
require a grcato* total thickness of metal than the la|>-splice; and the con- 
sideration of this fact may make it advisable to use the latter in verj- 
heavy trusses, in order to comply with the restrictions of the specifications 
concerning iiuiximuni length of rivet grip. In small tension members the 
butt-splice likewise is employed; liowt ver, when the sections are built 
up so that lap-splices can lie used, they \\'ill he found the most economic 
as well as the most satisfactor\' from the desi^fT's standpoint. 

There are other considerations, though, tiuit must be taken into ac- 
count in deciding upon the style of sjilice best suited to any particular 
case, and these must be looktxl into carefully. The question of erection 
is one of the most important of them; and it is for this reason that the 
engineer in charge of the preparation of plans should be familiar with 
the methods that are likely to l3e adopted for tlie fieldwork. Telescoping 
connections of any kind should be avoided as far as possitilc, as it is diffi- 
cult to place a member when it is necessary to shove it in from the end. 
This method is likewise dangerous, and it often causes delays that might 
prove serious. These difficulties do not present themselves in the butt- 
splice; and the lai>-6plice can be so arranged that this objection will not 
exist. The various parts can be cut so that the membor to be erected 
can be lowered into place from above. It is true that it is necessary to 
drop certain plates over others, but with proper clearance no trouble will 
ensue from this source. In this connection it is well to call attention to 
the necessity of providing ample clearances for erection and to that of 
detailing the joints so that the members can be erected without having 
to be forced into place. 

The numl)er and the location of the splices depend on various condi- 
tions. The num]>er of splices, naturally, should l)e made the mininmm 
possible consistent with econuniy of material a.s well as with ease in hand- 
ling, shij)]iing. and erection. Fit ld splices depend entirely upon this last 
consideration. lu the iirst place, any section of a member must be neither 
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too long nor too heavy for handiing or for shipment. It must likewise 
be of such proportions that it can be properly loaded on the cars and 
that it will not encroach on the clearances specified by the various rail- 
roads over which the material will pass. For the smaller trusses the 
lenc^ for handling is the determining factor. As a rule, d length of 
about sixty (60) feet, or approximately a little over two ordinary panel 
lengths, sinnild not be exceeded. If tUu limit is increased to any extent, 
it will be necessary to provide several points of support for the hoisting 
jippHratu.s. Moreover, in the smaller spans there is no great saving of 
metal in omitting a few splices. 

In the l»ea\ier trusses the weight of tho member is the governing 
factor. Very heavy sections require spocial ereotion apparatus, and the 
facility with which this can l)e ^tcured and tlie advisahihty of its use 
will do|x»nd on the location of iIm structure, conse<]ue!itly no lixed rules 
for splice location can he laid down. One of the heaviest single pieces 
on record for a simple trti<s })ridi;e was that of the inclined end post of 
the 423' riveted through-span of the Fratt Bridge, which piece weighed 
approximately one hundred and four (104) tons. This, of course, was 
an exceptionid case; and ordinarily the pieces weigh much less. 

In the case of a curved top chord, a field splice should be placed at 
ever>' panel-point where there is a change in the inclination. When a 
straight piece extends over several panels, intermediate field splices may 
benecessaiy. 

When a truss is erected by the cantilever method, it may be obliga* 
toiy, or at least advisable, to put a field splice in each pand of each chord. 
This will depend on the weight of the member and on the nature of the 
erection equipment. 

The use of the shop splice will depend on the make-up of the member 
between the field connections. Such a tspliee is necessary only in case a 
change occurs in the section between the said field connections. If the 
member extends over several panels, the change in stress will cull for 
a change in section. As has l)eeji >ialed previously, it may be more 
economical to use the heavier section throughout and thus avoid the 
splice. Such a procedure will deiHiid entirely u[)on the question of its 
economy: and in its s<^)lution will have to be duly considered the costs 
of niaterial. labor, freight, anfl erection. In case a -^hop splice is consid- 
ered advisable, as few of the })arts of the ni( inl»er as possil)le sliould !)e 
spliced. Tf the smaller section can Ije usi d for the larger with the ad(ii- 
tion of a plate, this method should by all miians b<' adopted. The addi- 
tional i)Iate can be connected directly to the gusset-plate, thus avoidmg 
the usual splice. It is this fact that makes the adoption of the narrow 
plates between flange angles so advantageous in detailing, as is well illus- 
trated in the bottom chord of the truss shown in Fig. 22cce. The condi- 
tions mentioned earlier in this chapter in regard to this detail must not 
be overiooked, however. 
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In the very heavy members, not only the change in the streBseB but 
also the maximtim procurable lengths of the component pairts will deter- 
inme the number of shop splices. These lengths will depend on the 
veigbts of the rolled sections, and it is consequently necessary to have 
St hand a list of the maximum lengths rolled for all the sections given 
in the manufacturers' handbooks. 

The location of the chord splices will generally be govenied by the 
erection of the structure. If possible, they should be placed just outside 
of the joints rather than at the panel-points, as such splices are easier 
to arrange for as well us to design. Moreover, they accommodate them- 
selves better to the erection of the trusses. The most ecoiuunical splice 
of this kind is the one in which the heavier section is suflioiently extended 
into the panel of the lighter member to permit the sphcing of the latter 
to the former. This is invariaV)ly done in shop spliees, and also in field 
sphces when tlie trusses arc cucicd on falsework. For cantilever erection, 
however, it is nccessaty to have the splice just ahead of the joint so that 
each panel can l)e placed complete before the traveler is run out to erect 
the next panel. As stated previously, inclined top chords and chords 
with unusually large sections must be spliced in the joints. This is such 
an important point as to warrant its reiteration. 

Tension splices, and compression splices in wliich bearing is not relied 
Upon, should be figured for the full strength of the member. In very 
heavy members where lap-splices are employed they should be made 
sttODger than the main section on account of the uncertainty in stress 
distribution. The specifications in Chapter LXXVIII require ten (10) per 
cent excess of strength in such cases. Where the section is milled for 
a full bearing, a certain reliance can be jdaced on the abutting surfaces 
for transmitting the stress between the parts of a mraber. The author 
assumes the bearing good for forty (40) per cent of the actual section, 
and designs the splice-plates for the remaining sixty (GO) per cent. All 
parts of each member should be fully sj^liced so that every section taken 
is up to full strenjjth. The angles are generally neglected in this respect, 
the detailcr assuming that the stress from these in some manner or other 
will travel across the cut. Such a defect in design shows either neglect 
or inexperience on the part of the detailcr. Each h^g of the angle should 
be sphced directly, althonirh it is not always convenient to do this. It 
may be more advaiit;m» ous to take the greater part of the >in ss from 
the angle through «»iie leg. as is done in the tiaiige of a plate-girder. In 
any Ciuse, however, tliere nmst be enougli rivets connecting the angles 
to the splice-plates to develop their capacity fully. The use of the lighter 
sections of angles is advantagcMius in this regard, as fewer rivets are re- 
quired for the development of their full strength. Deep chords carrying 
direct loads, and consi iM' ntly acting as beams, should also have each 
individual part fully spliced, even though each part may not be fuUy 
stressed. It might be pennissible under certain ciroumstances to spfioe 
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such sections f<^r the stresses only; but the nntVior does not approve of 
this practice and advises against it as a general rule. 

The splice-plates should be placed on each side of each part of the 
scctioa BO that the centre line of stress throughout the coimection wiU 
be practically straight or will deviate from a straight line oonnectJng the 
centres of the two members as little as possible. This arrangement gives 
a weU-balanoed detail; and it can be effected in most cases. An impoiv 
tant'advantage involved thereby is the fact that it brings the rivets into 
double shear, thus requiring a smaller number of them than would other- 
wise be needed. In small members , made up of minimum sections of 
either rolled or built channels, it is uneoonomioEd to adupt this plan; and, 
oonsequ^tly, a single plate on one side of each leaf will suffice. However, 
where the before-mentioned arrangement can be employed without undue 
wastt', it should by all means be resorted to. 

For butt-splices the rivets developing the plates are figured in single 
shear, double shear, or Ix aring, depending on whethrr one or more splice- 
plates are used and upon the tlii('kiic's.s of ihv metal in which the strength 
Is to be developed. In tliis case the wcl)-plat('s arc as-sunictl to act as 
a imit with planes of shear on each outside surface thereof. Laj^splicea, 
on the other band, cannot be figured so simply, as tlie various plates 
and angles are cut at different point^s and spliced separately. Under this 
condition, the splice-plates on one side may be considerably closer to the 
plate cut than on the other side, which causes a greater amount of stress 
to go to the nearer plate. In figuring such splices it is best to assume 
that the stress from any plate is divitknl l>etween the splice-plates on the 
two sides in inverse proportion to their distances from the said plate. 
While this may not be strictly true, it is the best approximation thus 
far suggested. Evidently, when the web-plates kp over each other, thqr 
must be considered as splice-plates and treated accordingly. 

In any splice the more closely together the rivets are placed, the more 
oompact» and consequently the more, economical, will the said splice be. 
In compression splices the only limitation is the minimum distance from 
centre to centre of rivets required by the specifications. In tension splices, 
on the other hand, itisnecessary in addition to watch the net section of the 
member. This is genenUly determined at the first line of rivets in the 
splice. It would be extremely uneconomical to reduce; the .s(»ction by a 
full row of holes ha\nng the niiuiniuiii spacing allowed; consequently, 
a nuni))er of rivets sufficient to tack the platis projx rly together as well 
as to start developing their strength should be used at this place. As a 
guide to what the author eon<i(l<'rs a proper number of holes to take out 
of tension members of various depths so as to determine tiie net section, 
Table 225 is given. The holes are indicated Ity the cro>s-lines. After 
the fii*st line of rivets is passed, no additional holes e.-tn be taken out 
unless there are sufficient rivets in front of the section in question to 
compensate for them. Naturally, it is desirable to increase the numl)er 
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of rivets in any single row ius rapidly as iK)ssihlo until the full number 
is used; and it is for this reason that the mnxiniuni allowable spacing 
of twelve (12) inches is seldom employed in the fii-st row. This is esp^ 
cially inqxnrtant in thick sections where each iiole out lequires several 
rivets to compensate for it, but in membcfs cxf thin or minifniim sections 
it is not so essential. 

As previously stated, the author designs iap-spiices so that th^ shall 
be ten (10) per cent stronger than the member spiioed. In order to get 
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this extra strength into the splict -plates as soon as possible, it is dev^ 
oped by both the rivets and the splioe^plates before the first plate is cut. 

The strenj^th of the said plate is developed at the same time. 

To show clearly the method employed in figurinpj a tension lai>splicc, 
the following? example is ^iven. This <])ru'e was used in the bottom chord 
of the 271' riveted truss span mentiunrd prc viiiu>ly and sliown lu 1 ig. 22r^^ 
This structure wjis designed under the specifications of tlie AuHTieati iiail • 
way Engineering Association. The rivet values as given therein are 12,U0(» 
{vjunds and lO.OlXJ pounds ])er scjuare inch for shear on shop and field 
rivets, respectively, and twice these vulueb for bearing; and the unit ten- 
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sile stress in the 8t<?el is limited to 1(),(M)() pounds. The nicnibers splicod 
fire th(' bollom chord scctintis L.Lx and L,L\'. The hitter is extended 
into panel L\L^, and, cunst iiucnt iy, the sphce is fip^ured for the smaller 
r-ection. Fig. *22{/;/(/ gives the details ot tiie com|)leted splice for the whole 
section in addition to the makt^up of each member; while Fig. 22hhh 
shows the oompiete figures for one leaf of the Bphoe. 





Wo. 22ggg, Tru.-inn 1 np-splicc in Panel T^T..i of fho 271-f<M)t Sjiaji.s of the (Jreat 
NortliLTii itailway Va).'& liridge over the YellowHtoiie llivor. 



As is seen fmi!! Fig. 22cc'fi, the chorrl sections are well ananged for 
lap-splicing; and in this particular splice the only difference in iIk* two 
nieinbi'i-s is in the small plates between tin- angles. In LJjx these are 
ol the same thickness as the aogies, which condition precludes the necea- 
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Fio. Diagram Illustratiiig the Method of Figuring a Tensioa Lap-splice. 



sity of fillers on this side of the point wIhtc these plates and the angles 
are cut. In L3L4 the thickne.-s of these ]ilates \si slightly lesd than that 
of the angles, calling for the ] filler shown. 

The first thing to arrange is the cutting ol the plates and angles. 
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As shown in Kg. 22hhh, the angles and the plates between them are cut 
at C. It is necessary to cut tlicse plates at the same point as the angles 
so as to permit one iiu niber to be dropped down over the other. The 
atljaeent plates are cut at D, and the outside ones at F. The arrange- 
ment of cutting the outside plates at D and the adjacent ones at E will 
not give a splice as satisfactory for erection as the one shown, on account 
of the tongue-an(l-^:i(i()\ ( jDint produced thereby in each leaf. The dia- 
gram in Fig. 22h}ih is laid out as shown for convenience in following the 
details of the splice. The horizontal legs of the angles are .sphced with 
top and bottom plates; whiles the vertical legs thereof and the web-piates 
are spliced with vertical plates inside and out. For this reason the fig- 
ures for the horizontal legs of the angles are separated from the rest as 
shown at the bottom of the diagram. The plates are sketched with suf- 
fideoit widths to take the necessary figures, while they are separated by 
a space in which to indicate the stresses passing across the planes between 
adjacent plates. The angles and the narrow plates that lie between them 
are separated by a dotted line to indicate that they are in the same i^bme,* 
and that consequently no rivets can pass between them. After the plates 
are laid out, theur distances from centre to centre are then given at each 
end for each member in thurtynaeconds of an inch. These are used for 
determming the lever arms for moments. At the start it is essential to 
assume the thickness of the splice-plates approximately ui order to fix 
their distances from the adjacent pktes; and if they are changed mate- 
rially in the design, it will be necessary to run through the figuring of 
the splice a second time. This also may be obligatory in cheeking the 
splice from l)oth nuls, as will be explained later. Next, the make-up of 
the sections is given, viwh part thereof in its proper i)lace; and at .1 and 
G the net areas of the latter are indicated. As the sphce is figured for 
the smaller meml)cr, it is possible to enter the splice at the right with 
a greater numlnr of rivets than at the left; liowever, the n('t area must 
not l>e reduced below that of the smalN i -^< ( tion. As shown in Fig. 22ee€, 
four M) lioles are tiiken out in the first vertical row for LjLi and five 
(5) for L|Li'. At B are given the net sections of the various parts o£ 
the member L^Li, increased by ten (10) per cent; and at F are recorded 
the net sections of the various parts of the member LiLx, increased suffi- | 
ciently to make the total section here equal that at B. The splice will 
be figured to develo]) these values. Instead of figuring with stresses, the 
splices are carried through on the ba.sis of square inches of section which 
work at the normal unit stresses. This is convenient from the stani^xMnt 
of space as well as from that of clearness. These areas are readily con- 
vertible into stresses or rivets by the preparation of a table giving 
the value of one square inch of metal in pounds, as well as in rivets 
for sin^e shear and bearing on various thicknesses of plates for both 
shop and field rivets. For this particular splice these values are as 
follows: 
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1 62 ** " ** ** ** /le" " 

1.34 " " " " " U/-" «« 



1 square inch of metal - 16,000 lbs. 

= 2.06 7 rivetSi field, single-shear 
= 1.33 " " " double " 

-2.09 " bearing on V plate 

— 1 83 " tt * u . K II 1^/// tt 

9/ / 
/16 
11/ 
/W 

SB 1 21 " " " " 

As stated before, the net section must be taken care of first in order to 
secure the maximum number of rivets in a single row as soon as possible. 
In ZaLt one hole out requires 2.3 field rivets in double shear to compen- 

fiate for it, while in LXi' 2.5 rivets are required; consequently, one more 
rivet could \)v added to the second row in L^L^ and two in LiL^', (Sw* 
Fig. 22{i[](j.) The third row in Ldj\ could be filled completely. As the 
numl>er of vertical rows of rivets cannot be reduced by doing this, it 
would simply be a waste of money to put in these extra riv(4s, for the 
rea,son that they are not needed. In addition to the net section the excess 
section must be transferred to the s|)lice-plates as scnm as p<^ssible, 
and, consequently, it is developed in conjunction with the first plate to 
be spliced before the said plate is cut. Therefore at C and E the other 
plates have a value equal to their actual minimum net section alone, and 
this is maintained until each plate is cut. 

In determining the value of either sphce-plate, moments are taken 
at C, D, and E about the other plate as a centre for the areas to be trans- 
ferred from the various parts of the member to these plates. This mo- 
ment is divided by the distance from centre to centre of plates, and the 
resultant b added algebraically to the value of the splice-plate at the 
previous section in order to find its value at the point in question. The 
determination of the values of these plates at the said points is as follows, 
figuring from the left: 
Inside splice-plate at (T, 

0 H- [(3.36 X 60) -f (8.42 X 58) + (2.70 X 43) -f (4.05 X 23)] =11.63. 

Outside splice-plate at C, 

3.3G + 8.42 -f 2.70 + 4.05 - 11.53 = 7.0. 
inside splice-plate at D, 

11.53 + ^ [(10.50 X 43) - (3.06 X 60) - (8.15 X 60)] = 8.70. 

Outside 8pUce-])hit(' at D, 

7.00 + 11.53 + 10.50 - 3.06 - 8.15 - 8.70 = 9.12. 
Inside splice-plate at E, 

8.70 + ^ [(15.75 X 23) - (10.50 X 43)] = 7.55. 

Outside splice-plate at E, 

9.12 + 8.70 H- 15.75 - 10.50 - 7.55 = 15.52. 
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As a check on Bection E we can figure the valtiee of the platoe from the 
right, obtaining 
Inside gplice-plate at 

0 -i- ^ LCO.25 X UOj + L1.97%X 60) -f (2.04 X 43j + U^-Sl X 23)] « 8^. 

Outside splice-plate at E, 

0.25 + 1.97 + 2.04 + 18.81 - 8.38 - 14.09. 
This agreement is sufficiently dose, the difference being due to the fapt 
that the two chord sections are unlike. By adding up the areas at C, 

D, and E, they should lx» the same as at £ and F. This is indicated at 
the Ixjttum of the diaj;Tain. 

Afs would cxpcctc*!, (lie inside splitiMJlate requires the maximum 
area at C, wliilc the outside plate HMjuires it at E. A 2G" X ^ir/' plate 
with five (5) holes out has a net section of 11.80 square inches, vvhieh is 
all right for the inside ])late. For the outside, a 28" X plate 
with five (')) holes out and liaviii<r a net area of 15.81 s(juare inelies will 
sufhee. For the top and the l)ottoni ])lates splieing the horizontal legs 
of the angles, a 13" X/h" plate having a net area of 4.12 square inches 
is used. These plates also net as stay-plates and must fulfil the specifi- 
cations as to thickness — ^which they do. As will be note<i by referring to 
Fig. 22gf/f7, the maximum number of rivets is not provided at the critical 
sections of the side .splice-plates; for if this were done, the .splice-platos 
would be increased in thickness without decreasing their lengths. 

One hole out of the ^/^e" outside plate requires 1.9 field rivets in 
sm^e shear to develop it, and for the inside plate 1.5 rivets are 
needed; consequently, the second row of rivets can be completely filled 
in each case. 

To determine the number of rivets required between the various 
points B and C and D, D and E, and E and it is necesKary to figure 
the areas passing from one plate to the other across the planes between 
them. Take the part of the splice between B and C. Starting at the 

top, the total value of the inside splice-plate (11.53 square inches) has 

to pass across tlie plane Ix'tween it and the adjacent plate and angles. 
As the area m \ plate tliat of (he angles ecjuals 11.78 square inelu'S, 
the difference l)etween thi> aiul 11.53 s(|uare inches, ecjual to 0.25 square 
inches, has to cross the next plane in going to the out>id»' splice-plate. 
In cro->ing the 28" X 3 2" plate it picks uji 2.70 s(juare inches, making 
2.95 .s(juare inches to pass over the next ])lane. Froni tlie next plate 
4.05 scjuare inclies are a<lded. piving 7. (Hi ><|uare inches across tlie outbid*- 
plane, which is (H]ual to the vahie.of tlu- niitside s])li( < -plate at ( . ('(»ni- 
paring these various values, we sec that the niaxiinuni section on any 
plane is 11.53 square'inches adjacent to the insiile splice-plate. Convert- 
ing this into rivets by the use of the table jireviously given, we find that 
thirty-one (31) are nee<lo<i in field single shear. The angles require fdx 
(6) field rivets in bearing and the 19>^" X Ks" plate calls for eighteen 
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(18). It is not nocossar\' to consider the otluT platos and planes, as it 
can \)o seen by ins])eeti<)n that they will need fewer rivets than those just 
computed. By examining Fig. 22ggg, we find that then; are six (6) rivets 
in the vertical legs of the angles, twenty (20) in the 19J^" X /la" plate, 
and thirty-two (32) in the splice-plates, which arrangement meets all the 
requirements of the calculations. In the same way the other rivets are 
determined. It must be remembered that, as the rivets distribute the 
stresses in inverse proportion to the lever arms, it is necessary to end 
the two splice-plates at the same points. An mezperienced designer might 
be tempted to save a little metal fay shortening the splioe-plates at the 
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FiQ. 22iu. Bottom Chord Tension lAp-splioe for the 287-foot Span of the W. R. R. 
A N. Company'a Bridge over the Willamette River at Portland, Ore. 



ends where the requirements are apparently small. The top and the 
bottom splioe-plates need five (5) rivets in each angle, which the detail 
in Fig. 22gf/f/ })rovide8. 

The figuring of splices for heavier members is carricKl out In the same 

iiKUiner jus just- explained for those of moderate sections. Two or more 
splice-plates may l>c iieiHled both inside and out, and these must he eco- 
nomically arraii^fd as to both thickness and length. To illustrate such 
a splice, Fig. 22/// is given. This is taken from the design of onc^ of the 
287' riveted truss spans of the O.-W. R. W. k N. Co.'s Bridge over the 
Willamette* River at Portland, Ore. The section of this member b 
given in Fig. Tlccc. 

Splices at the panel-points are figured in the same manner ius are those 
in the panel, except that the gusset-plates are used as splice mat(Tial and 
must be dealt with accordingly. As this type of splice depends to such 
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a great rxtont upon tho giissot-platos, an f x:iriiple of it will not be given 
until after the gusset-plates iia\-e been diseussed. 

Compression splices are desi^i^ed in tho same manner as are tension 
splices, except that the net section does not have to be considered. 

The gusset-plates, as previously stated, are needed to connect the 
web members of a truss to the chords. For the lighter tnisses, two plates 
per joint are used, placed either inside or outside of the chords and web 
members. These gussets are really splice-plates, and the connections are 
computed in just the same way as previously described and exem- 
plified. While two plates are sufficient for the smaller spans, four or 
more are needed for the heavier ones. These plates are either treated 
as the sin^e plates already mentioned or are spliced-in with the various 
parts of the web and chord sections. 

The method of shingling-in the truss members with the gussets will 
depend upon the amounts of the stresses to be transmitted. If the stresses 
are large and the rivets are thrown into single shear, the connections 
Ix'come excessively long and the plates unnecessarily large. With the 
shingling of the sections the rivets arc thrown into bearing and douitle 
shear, materially reducing both the number of rivets and the sizes of 
gussets. 

On account of the irregularity of the joints, it is neeessarv to mention 
a few sixH^iul i>oints that need attention, in determining the end cuts 
of the various parts of a member, it should be kept in mind that beveled 
cuts are objectionable. Of course, it is not always advisable to avoid 
them, especially in the web-plates; but there is little excuse for cutting the 
angles on a bevel. Beams and channels with skewed ends have to be 
trimmed by sawing, which is more expensive than shearing. Lug angles 
likewise should be avoided, when possible; however, it is frequently ad- 
vantageous to use them in order to develop the angles within the gusset- 
plates as otherwise longer gussets would be needed. The rivets in any 
connection should be balanced about the centre-line of the member. The 
gusset-plates should have as few cuts as possible; plates with parallel 
edges are to be preferred to those with the edges inclined. Making the 
tops of the bottom-chord gusset-plates in through bridges horizontal and 
lining them up add materially to the appearance of the span; but too 
much expen.sc should not be entailed in so doing. The gusset-plates should 
Ix' riveted to those members which will involve tlu> easiest erection. As 
a rule, the top plat(\s are riveted to the upper chords, the end bottom 
plates to the end |)osts. and tlie other bottom gusset-plates to the lower 
chords. Care should be taken to see that both the shop riveting and tho 
field riveting arc arranged so that the plates will not interfere with the 
erection. 

In detailing a joint it is first neces.sarv to lay out, tentatively, the 
members and the rivrts in the various connections. 

Figs. 22jij and 2:2kkk will prove very helpful in determining the num- 
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ber of rivets for any stress from zero to 100,000 pounds for rivets in shear 
anil in bearing. For larger stresses the rivets can be determined by pro- 
portion. The gusset-plates are then tested for tearing out, crushing, 
bending, and direct stresses. The tearing out or the crushmg of the 
gussets, due to the web connections, will depend on the shape of the gus- 



0 10 ^0 30 40 5C 60/0 00 SO 




Fig. 22}j}. Rivet Diagram for Js" Rivets. 

set and the t>T3e of splice. It is, tlierefore, ni cessary to test the plates 
around the periphery of the rivet group as well as along the sides and 
on any intermediate row. Also, sections through the rivets carrietl over 
to the edges of the gussets must be considered. When the rivets are in 
single shear only, the gussets are almost invariably safe. One or two 
tests, however, will make the fact certain. When the rivets through the 
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goflsetfl are in bearing, numerous aections must be tested to prevent over- 
gttoflB. The outline ol the different plates at an}' joint, when more tban 
two oC them are need, will depend on this oonditkm. The sections are 

0 nafsfusteowsosojjo 




Fia. 22^. Rivot Diagrain for \" Eivet^. 

figured for diear on surfaces parallel to the member and for tension or 
compression on those that are norma! thereto. 

TeHtinjj the gusset-plates for direct and bending stresses presents a 
somewhat uuctrtaiu pi oblcm on account of the irregularity' in the plates, iu 
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the sizps of the rivet f^roups, and in the various arrangomonts thrroof. The 
sections should be taken jKirallol to one of the intersecting members; and 
the various forces should be resolved normal and parallel to the sections. 
Taking the layout shown in Fig. 221U with the web members below the 
chord and the connecting rivets uniformly distributed in the distance 
ka, we find the point of maximum moment for a section parallel to the 

chord to be, in general, at a distance below ita centre line, and the mo- 

ment to be 

in wliich Sj, is the stress in the <liag;()nal, and a is tlie angle between the 
jiust anil the diagonal. When k is less tlian y^, the maximum moment 
occurs at the end of the diagonal, and is 

M = a(l — k)SD sin a. 
For values of k up to 0.65, the maxunum moment will not exceed the 
moment at the end of the member more than ten (10) per cent, and oon- 




FiQ. 2201. Guaaet-Plate DIagnim Fio. 22mmm. Soctions for Testing 

Guflaet-Plates at the Hip Joint. 



sequently for such a condition the moment at the end of the connection 
will suffice; otherwise the pouit of maximum moment should be used. 
The direct stress on the section is zero, smce the vertical component of 
So IS equal to the stress in the post; and the shear is equal to the hori- 
xontal component of Sd' 

While the layout shown in Fig. 22/// is the ideal joint, it occurs more 
often as the exception ratlur than the rule. Sometimes the [xjst extends 
into the eiiord, in wliich ease the point of maximum moment is nearer the 
centre line of the latter than n '2. Again, the |x>st connection may ex- 
tend below that of the diagonal, in which case the point of maximum 

inoment is approximately —j—' below the centre line of chord, in which 

expression 6 is the depth of the post connection below the said ci ntre linc\ 
In case the web members nre shingled into the gussets and t\u' rivets 
through them are thrown into bearing for a part of the conuecUon, 
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fact must Ik? taken into account by making n proator than tlic distance 
to the end of the gusset-plate. In case the gusset-plates help to splice 
the chord, the stresaeB induced in thcni by this acticm must also be used in 
figuring the moments and the direct stresses on an}^ section nonnal to the 
said chord. Sections parallel to the posts are test<Kl in the same manner 
as those parallel to the chords. The sections indicated in Fig. 22mmm 
should be used in testing the hip joint. The extreme fibre stresses on 
inclined edges must be multiplied by the square of the secant of the angle 
between the edge and a normal to the section being tested in order to 
determine the true stress. 

To illustrate clearly the methods juift described, the figuring of the 
gusset-plates at the hip of the span shown in Fig. 220M will now be ex- 
plained. Fig. 22f»fin gives a sketch of this joint, showing the sectJons to 
be tested and the loads for one leaf of each of the members meeting there. 
The unit stress hi tension is 16,000 pounds per square inch, in compression 
on the top chord 13,400 pounds, and in compression on the end post 
lO.OOO pounds, altliough the allowable intensity for this last nu iiilH r is 
11,940 pounds, i he numbers of rivets required for the dilicrent partii 
of the various members are as follows: 




UxUt 



UiLt 

UOn 

Splice plates. 



( 



1 



1 cover-plate 28" X^g" 

2 L-4"X4"X> 2" 

2 L^()"X6"X3.," 

2 vvelw 2<3"X34" 

2 wobs \oWx^4". . . 
2 plates l(y'XW'" " 

1 covcr-pIate2K"xN" 

2 L*4"X4"XV2" 

2 L-0"X0"X>4" 

2 webs m"X%" 

2 plates 6" X A" 

4 L-4"X4"XV:2" 

2 plates 2A!'X%",,.. 

4L«e"X4"xA'' 

2 plates 15H"X^".. 
2 plates 34''XH'' 



17.50 
7.50 
16 S8 
39. (X) 
2:i.25 
13.76 

i7.r>o 
7.r>() 

10 88 
39.00 
6.76 

11.00 
30.00 

16.74 

22.75 
34.00 



10,000 

lO.(KK) 
10,000 
10,000 
10,(X)0 
10,000 

13,400 
l.'MOO 
13,100 
13,400 
13,400 

16,000 
16,000 

16,000 

16,000 
16,000 



Riwto B«quir«d 



29 field single shear 

13 ' 
28 " " " 
65 " " " 

39 " 

23 " " « 



33 shop sinide shear 
] I II ti (t 

•>•> i« « « 

73 " " " 
13 « « " 

30 field single shear 



80 

44 

62 
01 



M 



it 
U 



u 
u 



it 

M 

It 
it 



As laid out, the top angles of the cud post are developed directly into 
the gusset-plates; aini in addition they transfer the stre.^s from the cover- 
plate, in conjunction witli the connection ang:Ies on the in.sido. Forty-two 
(42) field riv<^ts in single sliear arc rcquir»'<l for the top angles and the 
cover-))Iate, and forty-six i U\) are provided. Forty (40) rivets connect 
the X ^ plates, wiieieas thirty-nine (39) arc neeiled. The bot- 

tom angles require twenty-eight (28) rivets, where tweuty-«ix (20) are 
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shown; while the W X %" plates caU for twenty-three (23), with 
twenty-four (24) provided. The 20'' X H" webs have one hundred and 
twenty (120) rivets, while sixty-five (85) are shown to be necessary by the 
caieulatioDS. Although this is more than are needed, the rivets cannot 
well be reduced in number on account of the other details. In the same 
way the various parts of U1U2 will be found to be amply developed. In 
this case it was necessary to use lug angles to help transfer the stress from 
the bottom angles. The equivalent of one hundred and four (104) shop 
rivets in single shear is pruvidrd 111 the web, whereas only seventy-three 
(73) are needed. Hanger UiLi Ls connected with forty-four (44) rivets, 
all of which are required; while UJji calls for ouc hundred and ten (110) 




Fio. 22fmn. Hip Joint for the 271<4(0ot Spans of the Great Northcm Railwsy Ca.'a 

Bridge over the YeUowstone River. 

rivets with one hundred and twelve (112), as detdled. The net sections 
of both mmbers are taken care of as shown. 

It might be noted that the rivets through the outside splice-plates 
do not really act at full uflirii'iicy in takin^r stress from the t-iid post and 
chord, since tlirst- ])lates can take luuds perpendicular to the cut of the 
web-plates only; i)ut, on the other hand, the bearing resistanre of the 
milled surfaces is neglected, so that it is entirely satisfact.ory to conjsider 
the rivets in the said outside plat*'^ tn !>e of full elliciency. 

We shall now test the various sk Ijoos niark-ed .1.1, IW, etc. Acting 
on section .4.1, we have a force of o87,000 pounds from V1U2 alon^j its 
centre line; and from LqUi one of 224,000 j)ounds in the op[X)site direc- 
tion in addition to a force of 175,000 pounds normal to the section and 
located five and one-half (6J^) inches to the left of the panel point. Tlicse 
last two forces are the components of that part of the stress from LoUt 

62 

acting above the section, \iz., of the total stress. This ratio was 

found by counting the number of rivets in the entire connection through 
the upper end of the inclined end post, and that portion thereof lying 
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above tho section A A. Those forees, as well as all otlitrs to be consi(ler(»d, 
are taken for one side only. They are indicated in Fig. 22nnn. The 
moment of these forces al>out the centre of gravity of the section is 

M = 363,000 X 11.62 - 175,000 X 7 = 3,000,000 in. Il)s. 
The gross area of the section is 72" X 1" = 72 sq. inches. Therefore the 
bending stress is 

6 X 3,000,000 ^saoOlLa 
•''" 1 X72 X 72X.63X.63 ~ lbs., 

the factor 0.1)3 in the denominator beinR the cosine of tiie angle Ix'tweon 
a normal to the section and tlie inclined edge of tlie plate; and the direct 
stress is 

175,000 
72 

giving extreme fibre stresses of /<. = 6,300 lbs. and ft = 11,300 lbs. 
Tlie unit tensile stress on tlie net section will evidently be larger than 
11,300 pounds per square inch by about twenty (20) per cent, since there 
are rivets six (6) inches between centres in the tension portion, or say 
13,600 pounds per square inch. The unit shear on the section is 

363,000 



+ 2,500 lbs., 



S 



72 



5,000 lbs. 



These stresses are all satisfactory. The stre.^wes on section BD will be 
found to be alx)ut the same as for section A A. 

On section CC, we have acting normal to the section, from the end 
post, 

= 1 X 580,000 = 426,000 lbs., 

and from the hanger, 

Th - 64,000 lbs. 
For the section we have the following properties: 





Aroa 
U) 


DUtaaw (x) from 
Ontre line of 
Chord to Centre 
of Gravity of 
FIftte 


A* 


k 


Ah* 




i 


1 plat.- r>.s"x^". . . . 

1 plate 52" XH".... 
1 plate 30"X>2".... 
•lpla«el6H"XH"-. 

Totals 


.•^4 0 
2t>.0 
15.0 
5.8 


«">•> 

U 
3 
0 


748 
364 
45 
0 


4 1 

0.3 
11.3 
14.3 


2.020 
0 

1,920 
1,190 


13,100 
5,860 
1,120 
120 




80.8 1 14.3 


1,167 




5,130 


20,200 1 25,:i30 



• Riveta davdop only tliii mucii of tha 16 ij" X W plate. 

We then have 



M = 42G,(>(M) X 14.3 - 64,000 X 4.3 ^ 5,815,000 in, lbs., 

C = .362,000 llw., 

U » 362,000 -i- 80.8 = - 4,480 lbs., 
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- . . 5^15,000 X 26^ . . 
/6 (comp.) « ■ ~ ^^-^ 

/ X 6315,000 X 41.7 ^ n ™ lu 
(tens.) - 23 3.^Q + 9,590 lbs., 

- 10,520 lbs., 
and /<» 5,110 lbs. 

Henoe the section is strong enofugh, as the unit shear is low. 
On seotkni DD, we have from UiU%t 

Ce = 687,000 lbs., 

and from Uit^ 

To » 165,000 Ibe., 

both of the^e forces being uonnal to the section. For the section we have 

the following properties: 



Sectkm 



1 plate 68"XH". .. 
1 plate 52"XH" .. 
1 phite 3a"Xl2" ... 
1 plate 15H"X^". 

Totals 



Area 
CA) 




Ax 


k 


AM 




34.0 

26.0 
15.0 
11.0 


22.0 

14 0 
3 0 
0 0 


748 

364 

45 
0 


8.7 

.7 
10.3 
13.3 


2,560 

10 
1,5«K) 
2,060 


13,100 

5,860 
1,120 
230 


86.6 1 13.3 


, 1|157 


• • « • 


6,220 


20^10 



Total 
i 



We then have 

M » 587,000 X 13.3 - 155,000 X 5.6 « 6,930,000 in. lbs., 
C - 432,000 lbs., 

U =- 432,000 •^ 86.6 - - 5,000 lbs., 

/, = 11,000 lbs., 
and ft = a,14U lbs. 

The shear on DD is 

S = 25f),000 -r- 80.0 = 3,000 Ihs. ixT sq. in. 

The values for /c, l>oth on CC and on 1)1), arc lower than is necessaiy. 
However, it must be remomb^red that th(\s(» figures arc marlo on gross 
sections, and that they will be increased from ivw (10) to fifteen (15) per 
cent on tlu net section. Section EE is practically the same as DD, 

We shall now test the gusset-plates for tearing out by the diagonal. 
Figuring the section along the outer lines of rivets and across the third 
low, we have: 

1 Hate 15'' X W at 10,000 lbs. » 75,000 lbs. 
1 Plate 15" X at 16,000 lbs. = 120,000 lbs. 

Total sfrenjrth of .section = 11)5,000 lbs. 
stress, 14 rivets at 0,000 lb». = 84,000 lbs. 
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Each extra row of rivets adds 6 X 6,000 lbs., or 36,000 ll)s., while the 
incroa.se in the strt'nij;th of the gusset-plate is 6 X H X 10,000 lbs., or 
30,000 lbs. Even though each row of rivets is stronger by 6,000 pounds 
than the extra plate, they cannot overoome the big excess of the plate over 
the rivets (111,000 pounds) on the section first figured. Moreover, after 
the next two rows, another one-half inch plate is added. 

From the foregoing calculations we see that the joint is well designed 
in every req)ect. Joints at other points ace figured in the same manner 



r <E mpi ra 



3 



0|O C: 



42^ 
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6 Pis J6K 



YiQ, 22mo. Hip Jomt of 2874fiot Span of the 0.-W. R. R. ft K. Ckmipaiiy's 
Bridge over the Willamette River at PorUand, Ore. 



as are also joints with the momhers shingled into the gussets. To illus- 
trate the latter, Figs. 22ooo, 22/>/y/>, 22r/7(/, and 22rrr are given. 

Ill tliis Loiinection the splicing of the section of the bottom chords 
where metal is cut out !'>• the floor-beam iiv<'ts must not be overlooked. 
Ill deep chords for heavy trusses, it is very iiiipurtant to give this ^loiat 
careful rousidpration. 

In {Hii-t'oniK-ctrd .spans tb<* tnis« incnibrrs are similar to tliosc for riv- 
eted tspaiiii, except that « ye-bai.s are gtiierally employed fur tlu' ])arts 
under tension only, and tlmt usually all the web members are hinged at 
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their connectioiia It was fotmeriy euBtomaiy to make all diagoDala of 
^ye-bars, and to emplc^ adjustable counters m all panels in whieh tiie 
stresses reversed; but fint-claas modem practice requires the use of stiff 
diagonals to care for the reversing stresses. The bottomrchord mem- 
bers in the two end panels should be stiff; and they are occasionally 
made of built sections throughout, as such construction permits of a 
much more satisfactory attachment of the lower lateral diagonals. Again, 
in certuiu cases the connections of the vertical posts and the hangers have 
been miule rigid, ihua leaving the diagoimlb a6 the only members with 




Fra. 32^. Bottom Chord Joint U of the 287-foot Span of the O.-W. It R. A 
N. Company'a Bridge over the Willamette River at Fortland, On. 

hinged ends. The pnmt economy, however, in tlio jjio-coiinected con- 
struction lies in maldng the jiurtly tension members of eye-bars, ex- 
cepting only those in the iwu (or four) panels at each end of the bottom 
chords. 

It is evident that the parking at the jomis ;ifT»'(t.s tlic wi<lfh? find 
.•irr;ni^r:(*ments <»f tin- trii< inrmlHTs: hi'iicr cart' must Ix' taken to see that 
n«'itli<T tlir \v«'l) raemlKTs nor the cliord members are made too narrow. 
The previous discussiou ou riveted trusses holds also for pin spans wher- 
ever apphcable. 

While the built members in general are arranged alung the same out* 



Digitized by Google 



528 



BRIDGE ENGINEERING 



Chapter XXII 



linos as those for rivctod spans, for the chords of heavier trusses it is 
necessary to resort to three and sometimes to four main webs. This in 
especially advantageous when four or more bars are employed for the; 
main diagonals, as it permits of an arrangement that prevents excessive 



^ ^ '^^'d'-lW Cut From 8''6'>i' 



race 




g>'?5 Cut ?^'S'6ilos^ and?i'd^^y^ 

CytlBi '^'6 0s m Zjput 2m~Si 'Hi 'OS Boff 



I 2GuiPls '% 
Cut 2 GusPis 9'6 orKtZ&jd 
Cut 4 1' d '6'''^ 




S'J^ cs Tod and Boff 
2t.'S''4-Jf^ 4^5plPls Th 



^Cut 4 Pi 5 Top and Boft_ 

' ' " " ^' d'h LS. Top a nd Bott 



r Cut ^^i8\A 

WPf^^s^^'csn 

h'» fyis . Top and Bott 



4ntfj iO'ii^n////ijg 4 Sp/ M'0lhUiQpm d Optt 



K ■ ■ftJ^'^in*NUP S * o • » o 

§• ?• I m !• • • o o e 



Section UoUt 
fCovPI60''>^' 
2 Pis 54' '^/n 
m 

2Pl5 l2''^i6'iotf 



5 B!K*i!llfc'''i*!l5ii J * • !■ ' ' t|i i t jff Hfff HMt* win W fi W fcA^ 2^^ B'd'J^'o.sTop 




M0^f-2GusP/s l28^''%'(Cut8'rromTop) 

::^-20u5Pi5 121^^ ' 



5* o 



7 



Section UoLo 
2 Pis 54'' 
2 Pis 41' ^8 



• D 



■'•^f: SecTionUof^i 
\ \ 4L^8'8''yi6 
J* 6Pfs5l>^'''yi6 
^ 2PlsJ5Ji'rd 



Pig. 2299*7. Top Chord Joint T/o of the 423-foot Fixed Span.s of the Fratt Bridge over 

the Missouri River at Kansas City, Mo. 



bending stresses on the pins. Moreover, it reduces the thickness of the 
pin metal required for any one of the webs. Such construction is also 
necessary for the very large sections in long spans. Where it is not 
d(»sirable to use more than two webs, in spite of the entailed necessity 
of either employing excessively large pins or else providing special details, 
the pin-diameters can be reduced by adding one or two short intermedi- 
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ate webs at the ends of the members for pin bearbg and conneetiiig them 
to the main webs by eroes diaphiagms. Figs. 22n9, 2SUUt and 22uuu 
show three aectiona for large built members of pin-connected spans. 

In determining the charaeter and sises of the various members, care 
should be taken to see that the pin-packing is satisfactory. In so doing, 
ample clearance must be allowed between the different members attached 
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Flo. 22rrr, Bottom Chord .T(.iiit Lj of th.- \1?,-Um^ Fixfd 5?pans of the Fratt Bridge 

over the Missouri iiivt-r at Kansas City, Mo. 

to oafh pin. For compound wtlx, nnc thirty-second (J32) of an inch 
should 1)0 aliowpd for each additional jilatc above two on account of the 
tendci^cy of sucii compound i)lat<'s to build out or thicken. As far a^i 
practicable, rivets should not be coiuitcTsunk, although they may be flat- 
ten^; and the outstanding legs of angles should be cut just as little as 
possible, especially in compression members, as such members are ma- 
terially weakened thereby. In any case projecting rivet heads and angle 
legs must be taken into account in determining the packing. Not less 
than CDOHrixteenth of an inch should be allowed between adjacent 
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Ixirs in dilfiTciit panels, wIutoju^, on acct^unt of paint inp; requirements, at 
least one-half (3/2) of an inch is necessary between bars in the same panel. 
One-quarter (^) of an inch, or more, should be provided between a built 
member and an eye-bar or between two built members, this being in- 
creased properly for projecting rivet heads. 

Just as in riveti'd trusses, so also in pin-connected ones it is neces- 
sary io consider carefully the details at the joint.s in proportioning the 
members— and even to a greater extent. After determining the sectians 
tentatively and airanging the packing to suit, it is necessary to select 
a certain sise of pin for one of the joii^ts— either Ui, Xt, or £9, as these 
are usually the most hi^^ity stressed pina-nand figure tiw 




FlQ. 22998. 



J IL 

Ficj. 22///. 



r 1 



JL J 

Fig. 22uuu, 



Chord Bectioiia for Pia-coooccted SpaoB. 



quired for bearing and the bending moments on the pin. If the first 
layout fulfills all the requirements, no furtlicr calculations are necessary 
for this point ; l)Ut it is rarely the case tliat a single trial will suffice, as 
there ar(> too many conditions to be fulfilled to make the initial trial 
final. In the first place, the spacing of tiie members must be arranged 
to suit the thicknesses of metal requireti for bearing. Then the sections 
through the pin, as well as back of it, must meet the 8pe( i Heat ions in 
regard to built tensioii members, when these are used. Lastly, the pin 
must figure for the maximum bending moment. There is no neces- 
sity whatsoever for showing herein the method of computing the bending 
moment on a pin after the paddng has been arranged, for that has been 
a standard demonstration in text-books on bridges for more than three 
decades — in fact, it was discussed at length in the author's first bookt 
''The Designing of Ordinary Iron Highway Bridges," published by John 
Wil^ and Sons in 1884. After one of the pin diameters has been deter- 
mined, the others dwuld be made of the same sise, unless such an ar- 
rangement would fail to provide suflScient strength hi every case or would 
prove to be uneconomical. In any design only a few sizes of pins should 
be adopted for any one truss — ^in fact, it should seldom be necessary to 
use more than three. 

As far as possililc the mem])ers sliould be arransjcd so as to produce 
small bending moments on the [)iiis. The diagonals shoiild be placeil 
between the chords anrl ihv ])osts. l iic tii(»r(l liars in adjacent panels 
should be alteiuated as far as possible, as the placing of two bars in. the 
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flame panel adjacent to each other increases the length of the pin; but 
the said arrangement causes the couples from successive pairs of bars to 

act in the same direction, and it will sometimes be necessary to i^Iace 
two hars in the same panel side l)y side iu order to nn^erse the elTtct of 
some of the couples. As the pin dianii'ter is not invariably determined 
hv bending Init freijuently l>y tlie hearing <'t lh«' ineinlM rs, this matter of 
pin-packing may not always l)e vitally inii>oi-tant, although it generally 
Is so. At the hip the (hagonal hars should be located inside of the end 
post and tt>p chord, altliough it is sometimes necessary to place some 
of them outside. When this is the case, the outstanding legs of the bot- 
tom angles of these members have to be cut away, which weakens them 
materially at this point, necessitating either some kind of reinforcement 
or a sliglit iticrease in the sectional area of the member thus cut. 

The pins, if it be practicable, should not have a diameter greater 
than the depth of the shallowest bars connected to them. Moreover, 
their diameter should not be less than eight-tenths (0.8) of the depth 
of the deepest bars that they couple, as the bearing on the pin will 
be about equivalent to the tension in the bar when the diameter of 
the former is about three-fourths (H) of the depth of the latter, unless, 
perchance, the eyes be thickened. That used to be the practice of some 
of the manufacturing com]>anies in the days of iron bridges, but the ex- 
pedicmt at the prpsent time is seldom adopted. An economical depth of 
plate for built tension members is about three times the diameter of the 
pin. Pin-j)lat<'s are invariably nee(Ie<i tor built sections. They mu.st be 
sufficient to give the proj^er thickness for l>earing on the pins, in addi- 
tion to the nnpiired net section both through the pin-hole and behind 
it. The pin-plates should be stressed in y)roportion to their thicknesses, 
and tlu'ir strcnirth should be fully dt vcIoih'iI by the* connecting rivets. 
When hller plates an* used Ix'twccn angh^s. tliey sliould be made to serve 
also as pin-plates. In Iniilt tension members the sections of some of the 
plates through the pin-hole may nut be sufficient to take th<> bearing 
stres^s they receive, in which case it is necessar\' to develop at least the 
difference l)ctwcen the two values by rivets bjick of the pin. In posts 
and other built web members, one* or more of the pin-piates should extend 
horn six (6) to twelve (12) inches inside of the end stay-plates. Moreover, 
when it is possible, the joints of such members should be stayed by cross 
diaphragms extending as near to the ends as convenient. All details 
must be arranged so that there shall be no interferences either in the 
assembling or in the field riveting. 

For straight built-chords, the splices are arranged in the same man- 
ner as they are in the case of riveted trusses. They should be located 
to suit the erection. When the trusses are erected on falsework, the 
centre panel is generally placed first; and the construction then follows 
Uu'n from to the ends. It is, therefore, advisable to make this jianel self- 
sustaining by placing the splices in the adjacent pauelb. The increment 
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of chord stresses is transfcrrocl through the pins to which the web mom- 
bers are attached. It is nt^cessary, of course, to splice for the section 
cut out by the pins. For incHned top chords breaking at the panel points, 
bearing should be relied on the same in riveteil trusses. Sixty per 
cent (60*^0 of the section ui contact in addition to tliat cut out by the 
pins must l)e develoijcd by spUce-plate,s. At the hip all members should 
l3<» made to have full bearing on the pin. In case full bearing of the top 
chord meml>ers oa the pin at any point is reUed upon, only one hinge- 
plate should l>e used. This sliould be riveted to the member toward 
the centre of the span and made long enough to be riveted to the other 
member after erection. In the centre panel the hinge-plates should be 
attached to both ends of the chord member. 

Sometimes the web members are riveted together ^en these are of 
built sections. In such cases the details do not differ materially from 
those for riveted trusses, except for the pin connections to the chords. 

The bottom laterals should be intersected on the centre line of the 




Via, 22n«. Shoe for the 4234ool Fixed Spans of the Fratt Kidge over the Miaoiiri : 

mver at Kaiuas City, Mo. j 

chords, and the posts should be extended down to engage the lateral plates. 
These details are described in Chapter XX. 

The design of shoes for truss spans does not differ materially from 
that of those for girder spans, which are fully (l( (-rilxd in Chapter XXI, , 
except as to the part above the roUers. This should, preferably, be a 
steel castmg with a base plate and vertical ribs to engage the pin through 
the point of the bottom chord. The number of ribs required will 
depend on the details of the truss at this point as well as on tiie load to : 
be carried. For ordinary trusses two ribs are sufficient, and these are gen- ' 
crally placed outside of the end post. For shoes with three ribs, the | 
division of the reactions between them can be determined from the curves 
in Fig. 296; while when four ribs are employ ( d, between each pair of 
wluch the webs of the end posts are placed, each rib can be assumed to 
carry on(^-fourth (M) of the total load on the shoe. The main ribs should 
be well braced with cross ribi>; and the height of the shoe should be made 
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as small as posnUe, consistent with good designing. For rery heavy 
trusses full beaiing across the inn is sometimes necessary. Such a condi- 
tion arose on the 423' riveted qpans of the Fratt Bridge. The detail of 
this shoe is shown in Fig. 72m. 

Fig. 22/// gives the details for the shoes of a heavy single-track- 
railway span. 

Bi^t dkoes are sometimes employed, but they are not as satisfaetoiy 

as those made of cast steelr— nelthor are they appreciably cheaper. 

A detail used on certain bridges for the protection of the trusses con- 
sists of a horizontal ^n liT riveted to tlie wpI) nienilxTs iiImu'c the floor. 
This is known as :i skid gird» r, inmi the fact that dt iaik'tl cars are ex- 
ix'ctc'd to skid along it without striking the truss nicnilx'rs. A (h»scri7>- 
tion of the detail as used on th(* Beaver l^ridgc over tlic Ohio River on 
tlie Pittsburgh and Lake l">ie R. R. is to l)e found m Kruiincrriffg Hecord 
of May 6, 1911. \\ hik' on one occasion k)ng ago tlie author was called 
upon to design skid girders for a proposed large bridge, he has never matle 
use of them; but he considers them favorably, and would advise their 
adoption for veiy important raikoad bridges. 
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CHAPTER XXIII 

mESTLBB, YIADUCTB, AND BRIDOB APPR0ACHB8 

The dLstiiictioii hotweeu trestles, viaducts, elevated riiiiruads, and 
bridges is a difficult uue to draw. The Standard Dictionary gives the 
following definitions^: 

"Treade. An open faraoed fnanework for aupportiBg the hwiiontal atringcrs of a 
isllway bridge or other structure." 

"Viaduct. A bridge-like siructurei eqiecially a large one of arched maecKiry, to 
cany a roadway or the like over a vall^ or ravine, w acrocB another roiulway." 

"Bridge. A stnieturc oreet<xl acrass a waterway, mvino, road, or the like, serving 
for the p:i.s.sjige of peraoDB, «^nim«tia, or vehicles, or as a meaiis of support and transit^ 
as for a water-main." * 

Ihvfurtunately, the teruLs trestle and viaduct are used interchangeal)ly 
by many engineers. It will p;enerally bo conceded, though, that a trestle 
is a vijwluct, but tluit a viaduct is not necessarily a trestle. A trestle 
consists of a succession of towers of steel, timber, or reintorced concrete, 
supiK>rting short spans, while the pi(Ts of a viaduct may l)e of masonry, 
steel, or timl>er, and the spans may be either long or short. 

The (listinction between a viaduct and a l)ridge is still more dilhcult 
to draw. It is certain t(^at every viatluct is a bridgd, but every bridge 
is not necessarily n viaduct. The general idea is that a bridge is a struc- 
ture most of which is over water, whih» a viaduct is a structure most 
of which is over a dry gulcli, but t he existence therein of a small stream 
would not change the denomination. In America the term viaduct usually 
refers to a highway structure, while ui England it applies equally to a 
railway bridge. Since the advent of the electric railway, the distinction 
between railway and highway bridges has become somewhat involved, 
because most of the important modem highway structures cany electric 
cars as well as road vehicles. 

The distinction between viaducts and elevated railroads and between 
trestles and elevated railroads is not absolutely detemuned. An elevated 
railroad, in the common acceptance of the tenn, is a continuous elevated 
construction fgenerally. but not necessarily, of metal) hx'.-ited in a large 
city, usually in the str(>ets or alleys, but sometimes on private i)roi)erty, 
and carrying trains of cars which, as a rule, are lighter than those of the 
steam railroads. The elevated tracks of the Intter wlare they pass through 
a city and are c:irrie<l cither on earth tills cnrlosed in retaining widls or 
on steel construction are in realit\' elevated railroads, although not gen- 
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erally spoken of as such. If a lonpc steel straetore cann ing trains is Io> 

catcd outside of a city, it is ordinarily termed a trestle and not an elevated 
railroad. Finallw ?^ome structures located in cities carry both electric 
railway and wagon traffic. These are callinl viaducts and not elevated 
railroads. The precerling are the distinctions adopted iu this treatise 
in regard to the four terms undcT discussion. 

Appro.u h(\s to bridges mny l>e ordinary earth embankments finished 
off at tlie adjacent ends with eitiier abutments or buried piers, earth fills 
encloserl ])y n^taininii; walls, stone or concrete masonry arches, timber tres- 
tles, reinforced concrete trestles, or steel trestles. Where so-called ap- 
proaches consist of short steel ^pans resting on masonr>' piers, th(»y ought 
not to be considered as ai^roaches at all, but as a portion of the bridgp. 
However, if the structure is composed of a few long spans over a lai^ge 
tiver, flanked by a number of short spans that are supported by piers 
of masoiir>' (either stone or concrete), laymen are sure io insist on calling 
the collection of short spans with their piers on each side of the main 
structure an "tepjpmch,** As it is custom which establishes nomencl»> 
ture, there is probably no use in trymg to prevent the division of such 
a structure uoto "bridge" and "approaches," logic to the contraiy not- 
withstanding. 

The best kind of approach to a railway bridge <v to a highway bridge 
located outside of city limits is generally an earth embankment finished • 
off with a concrete abutment (either plain or remforced); because such 
ccmstruetion involves almost nothing for maintenance and repairs, (except- 
ing, of course, the pavement or macadam. For a while there will prob- 
ably be a slight settlement of the earth, I nit in a few sejisons this will • 
cease, and the embankment will bccoine permaifent after the sides have 
been .sod(i<'d (either naturally or artificially). Without the smlding, a 
certain small amount of repair work will have to be done occasionally 

» 

to make cood the ravages of wash. 

Buried piers, which are discus.sed f\i11v in Chapter XLIII, are not 
quite as satisfactory as abutments for fiiii-liiiig olT tlif ends of embank- 
ments, but in some situatitms they arc p<>rlectly legitimate. Where the 
banks are ver>^ high they effect considerable saving in tirst cost; but the 
maintenance of embankment involved is a trifle greater, owing to the 
uncovered ends thereof. This item may be of importance in cn.se that 
an overflow of the stream tend to ercnle the toe. Proper protection by 
riprap, however, should generally keep the damage down to an inoon- 
8ideraV)le amount. 

If the ground that would be occupied by the side slopes d an em- 
bankment be valuable or liable to become valuable in the not-too-distant 
future, it may be advantageous to put ui retaimng walls having the ex- 
terior surface vertical or nearly so. This question is one solely of eco- 
nomics, and must be settled for each case as it arifles according to the 
pripdples given in Chapter LIII, the equivalent first cost at a number 
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of future dates for both styles of coostnictioii being figured, and due ae- 
count beiag taken of the variance in cost qf maintenance. The differences 
between these figured amounts should be compared with the probable 
\ aluos of the laud siwed. This comparison will determiue the ocouoniics 
oi the case at the various dates assuuu-d, aud will enable the engixieer to 
settle which style of con.sl ruction to adopt. 

Masoury arches are used for bridge approaches when it is necessary 
for railways or roadways to pass beueath the enibanknients, autl t\s[xx;ially 
in places wher(^ aesthetics are an importaut consideration. They iuvolve 
expiMisive construction, and, therefore, are suitable only for important 
structures. 

Timl)cr trestles are a very common type of approach to both railway 
and highway bridges, their principal recommendation being their com- 
paratively low first cost. But as timber becomes scarcer and its cost 
greater, the economy of wooden trestles will gradually disaiip<vir. It is 
often advisable to use them temporarily (for they can be built quickly as 
well as cheaply]^ with the intention of replacing them, before they decay, 
by earth embanJunents or steel construction. Th^ can be counted upaa 
to last from tax (6) to ten (10) years, but by careful selection of thnber, 
taking special pains in framing and erection, and the expenditure of a 
little more money (mainly to protect the timber against decay) three (3) 
' or four (4) years more can be added to their life. With the present prices 
of steel and tunber, it is nearly always cheaper to build approaches of 
wood and replace it with other wood as it decays. An economic stuciy 
of the t3rpes of construction will show which of them is the cheaper al 
each of the various periods when a reconstruction of the entire timber 
trestle becomes necessary. If the study is jussumed to extend over a long 
}H'rio(l of years, the co.sts of reconstruction should be figured for lUvsunicd 
increased prices of timber. There is a most objectionable feature inevi- 
table in tinilxT trestles, viz., the constant danger of being burned, to 
which tiny are subject. By creosoting uv (»tiierwis(> treating the tiinbiT 
their life inav In- inrreased severalfold. and totlay it is generally best to 
do so, .a.s an eeoiitniin' <tM<ly based upnii a probable life of twenty-five 
years for the creosoteti material would re.nlil.v ^how; but, unfortunately, 
the creosoting ap]>ears to augment the peril from hre. 

Reinforced concrete trestles are more common in highway than in 
railway structures, because many engineers fear that the impact on the 
latter is apt to injure the concrete. However, many such railway trestles 
are now being built, and none as yet has failed. They cost much mon* 
than timber trestles and generally more than steel ones; but when properly 
designed and constructed, they require very little expenditure for maior 
tenance. 

Steel trestle approaches for railway bridges are preferable to earthen 
ones only when the latter exceed them materially in cost, and when it 
would be dangerous to obstruct the waterway by buUding embankmenta. 
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The way to determine which of the two types it would be preferable to 
build, for any particular case where either would be suitable, is to make 
an economic study of the question covering a long series of years and 
taking into account the cost of maintenance. 

It is sometimes necessary to spread or fan the tracks at the end of 
a bridge for the purpose of making a right and left turnout or to provide 
a storage yard for cars. In such cases, if earth embankment be too ex- 
pensive or otherwse objectionable, a trestle (preferal)ly of .steel but per- 
missibly ut timl)er} will have to be employed. In designing it, care should 
be used to provide for the effect of centrifugal force, based .upon an as- 
sumed velocity that ordinarily will not hi' exeeeded. If this elevated 
construction has to cross tracks or roadways, the designing of it may 
become quite complicated. 

The laying out of steel trestles is often intUu'nced by railroads and 
wagon roads to be crosseti. This is especially true in cities and their sul> 
urbs. . In such cases the structure is nearly always low, and the spans, 
for economy, have to be made as short as the conditions Mow will pearmit* 
The first step to take in preparing such a layout is to make a map on a 
fairly large scale showing with ejctreme accuracy each track and road 
croased, also the horiisontal clearance lines for each. From the latter 
there can be seen what ground is available for the placing at columns, 
remembering that it is general^ pennissibJe to let the bases encroach a 
little on the neii^boring rights of way below ground level and for a short 
distance above. The layout should involve as few skew spans as possible; 
and skews of adjacent bents should be made aMke, if practicable. The 
question of overhead clearance is one that should be consideted in 
making any layout, hence a profile of the crossing showing the grade 
id the structure and all vertical clearances is a necessity. If, at any 
erosflong, tiie vertical distance between the clearance line and the grade 
is restricted, it will not be feasible to put in a long span there because 
of the great depth of girder which would be required. In such cases it 
is profitable to ad<Ji)t girder depths that are far from economical of metal, 
and often a.s shallow as a prop«T considi'ration of the matter of dtHiction 
will permit. In many cases of restricted head room it is a good i)lan to 
adopt half-through girders; but if there are to be any track ciossings or 
turnouts on the dtck. tliis expedient would, of course, be impracticable. 
If serious ditticulty be cnruuiitcrfd Ix'cause of ^'^t^ictefl head room, a last 
reiiort is to raise the grade on the structure or to depress tlie grades of 
the tracks or roads beneath. The fornur metlicxl is iiriierallN preferable, 
because it is optional with the company constructing the structure to 
nmke the change, while permission would have to be obtained from other 
])arties in order to adopt the latter; and such permission is usually ex- 
ceedingly difficult to secure. 

Where there are no tracks or roads or streams to be crossed, the 
layout of ai^ trestle is a question of economics. The best possible lay- 
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out in any such oase is that which will make the total cost of both aub- 
structure and superstructure a miniinmn. The economic span kogths 
are a function of the height of structure, and as this Taries at different 
plaoesy it is evident that a great many lengths mic^t be employed, but, 
for manufacturing reasons, this is not advisable; hence it is best to adopt 
as few span-lengths as possible. Of course, if there is an exceedingly 
great diversity in the heights, the span-lengths should var>', but generally 
the varuition should occur abruptly in groups and not in small amounts 
from span lo span, unless, perchance, this suggested arrangement should 
militate too .seriously against an aesthetic appearance. There is an eco- 
nomic ratio between the lengths of tower spans and intermediate spans, 
which tlepencLs greatly ujwn the style of bracing used in the tower and 
somewhat upon the height. 

The theory of the economics of steel trestles is discussed in Chapter 
LIII; anrl several of the diagrams pertaining to Chapter LV give data 
concerning the economic span-lengilis for various heights and different 
kinds of layouts. In the excellent book of F. C. Kunz, Esq., C.E., e&' 
titled "Design of Steel Bridges,'' which has just been issued, there is 
l^ven on p. 250 et seq, considerable valuable information concerning eco- 
nomical span-lengths for trestles and viaducts. Such dat^ are exceedingly 
difficult to collect or expensive to prepare. The few diagrams of weights 
of metal for steel trestles contained in Chapter LV, prepared especially 
for this treatise, cost for computers' salaries alone six hundred dollars. 
The weii^ts of metal determined by the formula of Mr. Kuni dieck 
quite closely with those given ih the sud diagrams. 

For hi|^ structures the layout will necessarily consist of alternate 
tower spans and intennediate spans; but for low ones it is often advis* 
able to insert solitary bents (either fixed or rocker) between the towers; 
and for very low structures, such as elevated railroads, there may be a 
succession of three or four such bents, the number depending on the span 
lengths and the height. With fixed ends for cohmins the temperatun^ 
stresses run higher than with rocker ends. (Sec Chapter XI, Equations 
39 to 42, inclusive.) 

Witli alternating tower and intennediaie spans there is nearly always 
one expansion point at each tower; but the author hius tried the experi- 
ment of c(»nnerting riuritHy two adjacent towers by riveting the interme- 
dia !<• girders thereto, thr n-xiilt beiii^ imminently .satisfactor>'' as far as 
rigidity is eoneerned. (H euurse, the temperature stresses nm high, but 
as the trestle is a highway structure, and, tlierefore, not often sul>jeet to 
live loa(Ls approarliing at all closely those for which it was designed, 
the combination of large temperature stresses and large live-load stresses 
is not likely to occur. If it ever does, the overstress would do no harm, 
as it would be well within the limit i)f elasticity of the steel. This feature 
of construction would not be so applicable to rfiilroad trestles where great 
live load^ are often ai^lied. If it is ever tried on them, careful cakBuh^ 
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tioDB of oombmed temperatuie, live-load, and dead-load atfeases should 
be made, and the resulting intenatieB of actual woridng stiesB ahould be 
kept within the limits set in the specifications of Chapter LXXVIII. 
Hiis expedient should not be employed for low trestles, say under seventy- 
five (75) feet in height; and when the tower tops are rigidly connected, 
the tower epans should be comparatively short so as to permit of the 
towers springiiig without causing unduly high temperature stresses in the 
columns. 

For low trestles where solitary bents aro (Mnjjloyeil, as in elevated-rail- 
roiid construction, the expansion points should j!;enerally be spaeetl not to 
exceetl one hundred and tiity (150) feet apart. Where a greater distance 
is adopted, it may prove necessary to strengthen some of tlie columns 
to resist the c<)iiil»ination of temperature stresses with the other stresses 
to whicli they ;ire subjected. 

The hinging of pedestals avoids one-half of the trouble due to the tem- 
perature stresses caused by coimecting several bents rigidly at their tops 
by longitudinal girders, as compared witli similarly connected bents with- 
out rocker pedestals; and all the trouble can be avoided by hinging the 
^nypiiR at both top and bottom. Theoretically this seems to be ideally 
good practice, but it causes a loss of some of the rigidity which is the 
ultimate object of riveting several consecutive sfwns to the bents. Cases 
sometimes occur where it is necessaiy to put in a long stretch of low 
trestle without eaqMuision, and in these the use of the suggested double- 
rocker bents in the nfflgfaborhood of the expansion pcunts adopted would 
afford a fairly satisfactoiy solution of the problem. 
. Sliding joints are generally required at the column feet of towers; but 
if the distance apart be not greater than twenty (20) or twenty-five (25) 
fert, they may be attached rigidly to the pedestalSi which would then 
have to spring ix>ssibly as much as three- or four^undredths of an inch 
from normal position under extreme variations of temperature. Where 
sUding is providtni, one column foot of a tower should be fixed in lx)th 
directions, and one should be arranged to slide longitudinally, one trans- 
versely, and one in any horizontal din ction. The column f(H»t should be 
connected by substantial struts on ail four faces of the tower so as to 
force the pedestals to slide. 

In railway trestles and in important liighway trestles the tower bracing 
should consist of struts througliout, but in unimportant highway tre stles 
the diagonals may be ailjustable rods, as this type of bracing etfects a 
considerable economy of metal. AVhere stitf diagonals are employed, 
there should be a horizontal strut at each panel point of the bracing 
frame. The author recognises that inruiy engineers omit the horiaontal 
struts in such bracing, and, in fact, he has done so himself in times past; 
but he is now convinced that the omission involves secondary stresses in 
the colunms that are too great to ignore. It requires only a little extra 
metal to put in such struts; and th^ ought not to be omitted for any 
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reason whatsoever, if one intends building truly first^dass construction 
throughout the entire structure. Some engineers put in the horiaontal 
struts and let each diagonal consist of a pair of lig^t angles laced or 
stayed together, upon the assumption that th^ are purely tension mem- 
bers and cannot cany compression. As a matter fact, one diagonal 
of each pair will carry a certain amount of compression which is limited 
only by the lateral springing of the piece, afto' ndiich the other diagonal, 
acting in tension, takes care of the transverse shear. Unless such tension 
meml>ers have their connecting rivet-holes punched short of the theoreti- 
cally true position so as to throw initial tension on the piece, they will be 
l(H)se antl \ il>rator>% in w hich condition they are inferior to rods, as these 
can always \)v tightened by screwing up, while the loose, riveted diag- 
onals cannot he adjusted without cutting out the rivets and doing a lot 
of expensive repair work. Wliere riveted Ijracing is a sine qua nnn and 
the first cost of construction has to be kept as low as possible, the angle 
tension-diagonals can be employed; but they are unsatisfactory for truly 
first-dass work. 

The amount of batter for tower columns varies from zero to about 
three (3) inches to tlu; foot. For high, narrow trestles it is generally 
about one and a half (1.5) inches to the foot. The usual determining 
factor for the batter is the absence of tension from wind on the windward 
columns and their anchor-bolts when the structure is not loaded. In the 
author's opinion, the possibility of such tension is something in the nature 
of a bugbear to most bridge desgnm. A small amount of it can do no 
possible hann, provided that the pedestals have sufficient mass to resist 
with perfect SEifety the greatest possible uplift. There is no need what- 
soever for increasing the sectional area of the cdumns because of a 
sliglit reversion of stress caused by wind pressure, because each rever- 
sion, if it ever exists at all, will come only at great intervals of t ime. 
Tlie narrower the tower the less expensive the tiaiLsverse bracing, hence 
it is economical to keej) the widtli down. It is true also that tlie nar- 
rower the tower tlie greater the wind stresses on the cohunns; but it is 
not often that the wind loads iniiueiirr the sectional area of these mem- 
bers, owing to the fact that, when the efTeet of wind is included, the mrtal 
can l>e stressed much higlier than fur cumbiuutiumi of btrcbbes from which 
the effect (jf wind is excluded. 

When trestles are on sharp curves, great batters must be used in 
ord(T to provide against the overturning tendency of the combined centrif- 
ugal force and wind load. It is in such cases that the necessity arises 
for dividing up the transverse bracing by intermediate vertical columns so 
as to stiffen the long transverse struts, as will be expUuned presently. 

It is a mistake to batter trestle columns in the planes that are parallel 
to the longitudinal axis of the structure, no matter how long the inter- 
mediate spans may be; because, incidentally, the lengthening of the said 
spans with the corresponding shortening of the spans over the towers is 
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uneeosKniiioal, but mainly because the ahopwork invohred in the manu- 
facture of a tower battered on all four facea b troublesome, expensive, 
and eondudve to error, — to say nothing of the extra expense and the 
wony entaUed in the drafting. The only plea for such battered towers 
ia Mthetical; but the improvement upon the general appearance of the 
structure which they would effect b more than doubtful. 

One of the main controlling factors in tower def^igning is the thrust 
of braked trains, for not only does it determine the sections of the mem- 
bers of tho longitudinal bracing, but it also adds greatly to the stresses 
on the (.oliiinns. The farther apart the columns are spaced longitudi- 
nally the smaller will be the effect of the braked-train thrust upon them, 
but the more expensive ^vill be the longitutliiial l)ra( ing. It is evident 
also that the more elaborate is the latter the shorter fur economic reasons 
should be the length of tower spans. Clause 45 of Chapter LXXVIII 
specihes the traction loads whicli are to be used. 

For highway trestles and double-track-railway trestles vertical columns 
can be used up to a height from pedestal to grade equal to two and a 
half (2^) times ^the perpendicular distance between the axes of the two 
exterior columns composing the bent. Beyond that Umit the columns* 
should be battered. The distance between column centres for doublc- 
track-railway trestles should be 80 taken that the outer longitudinal 
girders will lie in the vertical planes containing the column axes, provided 
that the before-mentioned 2^ ratio of hmght to width be not materially 
eanaeeded. 

Aa previously mentioned, when trestle towers are very wide, it he- 
oomea neoessaiy to break up the transverse sway bracing the insertion 
of an intermediate column in each bent, running up on^ to such an ele- 
vatkm that the width there will be too small to require a division of brao-* 
mg. Although these intermediate columns carr>' no live load and but 
little dead load, they should be provided with fair-sized pedestals so as 
to resist overturning properly and to give rigidity to the construction as 
a whole. The exact maximum width for trestle bents without interme- 
diate columns is difficult to specify, being really a matter of individual 
opinion. The author would place it at about thirty-five (35) feet, which 
would correspond to a height of alxiut one hundred (100) feet in a single- 
track-railway tr(\>il<'. For extremely high tn-iK - ii is necessar>'' again 
to divide the transverse vertical sway bracing by short eolumn>^ restuig 
on small pedestals. Wherever a tower is wide enough to reqiiii< a divi- 
sion of it.s bents by vertical f)osts, there should be some light longitudinal 
bracing between the said vertical posts so as to stax tbe long horizontal 
transverse struts and permit of their being proportioned for reasonably 
anall ratios of I over r. 

In veiy high trestles the distance from centre to centre of adjacent 
towers is generally limited by th(> practicable length of the projecting 
boom of the traveler which does the erection. On this account it ia 
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not always feasible to adopt the q^MO-lengths which would reduoe tiie 
total weight of metal to a minimum; bat it can be donBi of ooane, 1^ 
erecting the towers with gin-poles, riveting up the girdera on the ground, 
and hoisting them into place from the tops of the completed towers. Up 
to the present the greatest distance between tower centres for trestles 
erected by traveler is about one hundred and fifty (150) feet. By the 
employment of the other method d erection much greater distances 
between tower centres can be adopted. In designing any exceedingly' 
high trestle, careful computations of cost of finished structure should 
be made for each im ihod of erectiuii, using the most economic span- 
lengths for each case. To do this, one should figure not only on tho 
cost of th(^ motal, hut also on that of the plant required to erect it. Some- 
times it iiii^lit !)(' pussihlc to procure by renting or purchase a traveler 
used on i)r('vious construction, hut generally it l;e nect ssarv to figure 
on having one huilt. If so, its salvage value, if any, should be deducted 
from the cost of cn ction. 

Tlie greatest height of steel trestle yet erected is three hundred and 
twenty (320) feet from water surface to grade. Several structures of 

' about this height have been built. 

. No matter how long the intermediate spans of a trestle may be, it is 
bad policy to make them pin-connected, because that type of truss is too 
vibratory for trestles. On account of their great height and slendemesB 
everything possible should be done to make them rigid. For this reason 
adjustable rods and tension angle-diagonals should not be employed in 
their construction. 
. In planning long railway trestles and viaducts, provision diould ahrajs 

. be made for safety phices or retreats for persons and handnsars whaek 
may be caught upon the structure by an approachkig train. The flkwr 
at and near such retreats should be planked over so that the men in mov* 
ing a hand-car will have no trouble in stepping around it. 

There is a common feature of steel tr^e designing idiioh the author 
cannot endorse, vis., cutting off the tops of columns and resting the main 
girders thermn, or, what is equally bad, resting longitudinal girders on top 
of cross-girders. First-class detailing requires that the ends of all longi- 
Uidinal girders sliall rivet into either the columns or the cross-girders and 
not rest loosely on t li<'m. Loose supports tend to set up vibration; hence 
they should be avoidc*!, ex( ( pt, of course, at the expansion pockets. 

As a rule, it is Ixst to kecji the tops of trestle pidestais witiiiii two or 
three feet of the surfaer of the ground. If they project far therefrom and 
are built with tlie usual bnttcr, they \\\\\ look too flimsy for first -<'lass 
work. If a hiph projection be unavoidable, the batter should generally 
be made greater so as to increase tlie solidity of the construction, and thufl 
check vibration from either the live load or the wind pressure — or from 

« 

both combined. 

In proportioning masonry or concrete pedestals, the weight shouki not 

Digitized by Google 



Fia. 23a. Single-track-railway Trestle over Stoyoma Creek near North Bend, B. C, 

on the Line of the Canadian Northern Pacific. 




Fia. 236. Single-track-railway Trestle over Anderson Creek near North Bend, B. C, 

on the Line of the Canadian Northern Pacific. 
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be made less than twice the greatest possible net uplift that can come 
upon the column foot under any condition of loading, due account being 
taken of the buoyant effort of the water in case of possible submergence 
of the pedestal. 

The anchor-bolts should be so attached to the masonry as to develop 

IT ^ ^ \ 




Fig. 23c. Solitary-column lients in the North Approach of the Fratt Bridge over 

the Missouri River at Kansas City, Mo. 

I 

their full strength before pulling out. Generally it will be the wind pres- 
sure on the unloaded trestle tliat will produce the greatest net uplift, but 
it may come from a combination of wind and centrifugal force, or of 
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wind and thrust of braked train. A combination of the thrw loads is 
practically impossible, hence it need not be coiLsidered. 

When the old Kinzua Viaduct was renewed in 1900, a new type of 
tower was employed, which, to say the least, was bizarre. Its special 
feature was the omission of the X-bracing in the bents and compeiLsating 
therefor by curved brackets in the comers formed by the intersection of 
the horizontal cross-struts with the columns. Whether the object of the 
variation from the current practice was economy of metal or desire to 
produce something new is not apparent. If any metal were saved, its 
value was much more than offset by the expensive shopwork involved in 
the curved brackets; and certmnly there must have been a loss of rigidity, 



because the brackets are not as stiff as crossed diagonal struts. Again, 
the computations of wind stresses are much more intricate than those for 
bents with X-bracing, and the secondary stresses must be higher. To the 
author there does not appear to Ijc any good reason for the omission of 
the X-bracing. If it were advisable to omit it from the bents, why was 
it retained in the longitudinal bracing? Would not the comer brackets 
have served just as well there as where they were used? The fact that 
this tj-pe of construction has not been repeated during the i)ast decade 
is fairly good (although not conclusive) evidence that it did not receive 
the general approval of the engineering profession. 

In Skinner's "Details of Bridge Construction" will be found a com- 
pilation of a mass of valuable inforaiation about bridge approaches, via- 





Fio. 23J. Built Rocker-shoe for a Solitary' Bent in the South Approach of the Fratt 

Bridge over the Mi.s.souri River at Kan.siis City, Mo. 
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ducts, and trestles, illustrating many of the i)rinoipal eorLstnictions both 
in America and ahrond, to which the reader is referred for data of a his- 
torical nature concerning such structures. 

The general character of the steel railway tresUes designed by the 
author and representing his latest jiractice is shown in Figs. 23a and 236, 
leprasentiog two struotures on the line of the Caoadiaa Northem Pacific 




Fio. 23e. Column Expansion Pocket for a Girder lu ihe 6outh Approach of the O.- 
W. R. R. & N. Company's BriclgB over the WjUamelto Rivor at Ptttbiid» On. 



Railway in British Columbia, where that road parallels closely the Fraser 
River. One trestle is located on tangent, the other on curve. The char- 
acter of all the main members and even of some of the details Ciia be 
recognized from these i)hotographs. It had Ix^en the intention to supple- 
ment this chapter \\'ith a numlxT of detail drawings covering both the 
sections of main nu'inbers and the various connections; but the issuing 
of Mr. Kunz's book has olnintcd the neco.-^ily for some of this, Ix^eaust^ 
in his Chapter XII he ])r( >tiU> scvernl ]ia^:('s of detail illustrations; and 
the reader is referred to tlu se. However, the author disagrees with Mr. 
Kunz on three rather important pointii, viz.: 
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First. He does not approve of single-angle diagonals in towers and 
bents. 

Seoond. He objects to the Qnuasion of the horizontal struts at the 
paad-points of the vertical sway bracingi because of the high seoondaiy 
stresses that their omission causes. 

Third. He rivets the hnigitudinal girders and the end croes-girdeiB into 
the tops of the «nliitmwi, which are bent into vertical position for that 
purpose, as shown m Fig. 23a. The weakening effect of the bend is fully 
compensated by the brackets connecting rigidly the poitioii of the oohinm 
immediately bdow the bend to the end cross-frame. 

Fig. 23e shows two solitaiy bents in the North Approach to the Fratt 
Bridge over the Missouri River at Kansas City, Mo. This approach 
consists of towers about three hundred and forty (340) feet apart on 
centres with intermediate sinple hents between them. FuU-depth trans- 
verse bracing could not be employed, and consequently the columns and 
the anchoragcti had to Ik- tlcsigned for the transverse wind bending. The 
bent at the left of Fig. 23r has a roi ker base, while that on the right ha.s a 
fixed base. A cast-steel shoe was used for the former, but the fixed shoe 
was built of plates and angles. 

Fig. 23^ shows a built shoe for tlic rockor base* of one of the coluiiiiis 
of the South Approach to the same bridge. As seen from the illustration, 
the view was takon during construction. 

In Fig. 23e is given the detail of the expansion ix>ckct for a piirdcr in 
one of the approaches to the O.-W. R. K. & N. Co.'8 bhdge over the 
Willamette River at Portland, Ore. 
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NoTWiTRBTANDiifo the popuLiT opinion that elevated raUroads are an 
offense to the eye, an annoyance to the ear, and a general nuisance in 
every sense, it must be admitted that th^ are a necessary evil, forieeidents 
of dties simply must have some means of raind transit between their 
homes and thdr places of business. The only alternative method of 8e> 
curing it is by subways, and these are objectionable for several reasons: 
They are far more ezpennve in first cost, the ventilation m them hmiiaUy 
is bad, and people, as a rule, object to going under ground in advance of 
the time when it becomes absolutely necessary. It is ea^y eoou|^ to 
pdnt out the objectionable, features of elevated raibroads, but it is ex- 
ceedingly difficult to remedy them* To beautify them, or even to render 
them not displeasing to one's artistic taste, is about as feasible as the 
proverbial diliiculty of making a ffllk purse out of a sow's car. As for 
deadening the noise from passing trains — that has been tried a number 
of times, but not very successfully. If the deck were i)hiiik('d over with 
creosoted timber, or, jireferably, were covered with a slab of reinforced 
concrete, and u}>on this were laid i)allast to carry the ties, much of the 
noise would l)e sui)pres.s(H^l — as much i)ro])ably a,s it is possibh- t<» ])n \('nt: 
but such a floor would certainly i)e exiw'ii>i\ aii<l, in the ca^c (»f the 
planked flw)r, the jx-rcclation of dirty water lliroutrii the ballast and 
plank on to the passers-by beneath would have to l)e prevented by the 
escpenditure of a considerable amount of money. A baihvsted floor was 
userl on some three or four miles of the Market Street Elevated K. R. 
of Philadelphia. 

To attain truly rapid transit on an elevated railroad, there should be 
at least four tracks, and the determination of tlu; alignment should be 
left to the engineers and not to the purchasers of the right-of-way. The 
line should be as ncaiiy al)solutely straight as iNseticable, and the curves 
at the turns should be made as easy as the conditions existing there will 
permit. Nearly all such turns in the track are of necesnty very sharp, 
consequently passing around them keeps down the speed; and if there 
are many turns, it is evident that after leaving one of them the velocity 
cannot be increased very much before anothex one is reached; hence 
ideally rapid transit under such conditions would be an impossibility. 
To s<'cure the best results in transporting passengers quickly, the two 
iuuer tracks should bo used (or express trains only and the two outer 
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ones for local trains, tiic stations for the express traffic being spaced al)<)ut 
a mile and a lialf from each other and those for the local traffic about a 
quarter of a mile apart. The platforms at the local stations should be 
outside of all the four tracks, and those at the expreas stations toween 
the outer tracks and those adjoining them, the two inner tracks being 
left straight and the outer oiuis being curved around the said platforms. 
Passengers should be taken in at the ends of the cars and discharged from 
the middle. Incoming and outgoing jiassengera should be kept separate 
at the stations. It is l)ost not to let the latter pass through the station 
building at all, but make them descend to the street by exit stairways 
throuf^ turnstiles. 

Elevators and escalators at the stations where the traffic is most dense 
not only tend to hasten travel but also to reduce the effort of the passenger 
m reaching his train. Unfortunately, though} they are eicpensive in both 
first cost and operation, especially the elevators, which have to be oper- 
ated by attendants. As the escalators move continuously, no attendant 
is needed; but the power required for operation is laige. 

If it be impracticable for lack of funds or other reason to build a' four- 
track elevated raihx>ad, rapid transit may still be secured by constructing 
a double-track elevated with a double-track surface line directly beneath, 
running the express trains above with stations a mile or two apart, and 
transferring the passengers to the surface line. This nirthud is nearly 
always fea.sible, and it is ideally economic; consequently it seems strange 
that it has not yet been adopted. 

In figuring on any elevated railroad projt^ct wiu rt' the line runs through 
private propert3% especially if the structure is to have four tracks, one 
should consider carefully tin' advisability of building thin retaining walls 
of reinforced concrete, tying their tops together at short intervals l)y 
adjustable rods encased in a covering of coiH rete, and filling the l)oxed 
spaces with earth. If the steel market be high, this type of construction 
might cost less than a st(M>l (^U^vated road; and if it cost but little more, it 
would prove cheaper in the end, because of the much smaller cost for 
its maintenance and because, as far as is known today, it is imperishable. 

When the tracks occupy city streets, the stations are generally elevated, 
although they might be located at street level in adjacent building? with 
stairways leading to the platforms. But when the tracks occupy private 
proper^, the proper place to locate each station is on the said property 
beneath the structure directly adjacent to a street-crossing. 

About the time the author completed his work on the Northwestern 
Elevated RaUway and the Union Loop Elevated Railway of Chicago, he 
wrote for the American Society of Civil Engineers an exhaustive paper 
on Elevated Railroads. It was discussed ver>' thoroughly by a large 
luiraber of the members; and both the paper and the discussiorus were 
published in the Transactions the Society for 1897. The paper called 
attention to the numerous defects in the then existing elevated railroads 



Lj Googk 



6o0 



BRIDGE ENGINEERING 



Chaptkb XXIV 



of the United States and pointed out their remedies, refemng to the au- 
thor's designs for the Chicago elevated roads as an example of what- he 
oonndered proper detailing. Later, as consulthig or advisory engineer 

to the Boston Elevated Railroad Company he outlined the method of 

detailing that structure. Several other large elevated railroads have been 
coiLstruc'tcd sinvv then; but, as far ius can Ix- learned from the technical 
press and by systematic correspondence on tiie part of the author with 
the engineere of these new roiids, no material im]>rovements in the de- 
signing and construction of elevated railroads have been effected iiiuoe 
the Chicago and Boston lines were built. 

TIktc was given in Chapter VIII of Dc Foydihus a compendium of i 
the Inf ore-mentioned paper on elevated railroads, and as the autlior 
has nothing further to add to the treatment of the subject, it is repro- 
duced herein as follows, a few slight mtxlifications being made in the 
wording so as to bring the treatment of the subject up to date. 

Lr^ Loads 

The proper live load to assume in designing an devated railroad is , 
the greatest that can ever come upon it, and is determined by ascertain- 
ing the weights of engines and empty can that are adopted at the outset, 
then computing how many passengers can be crowded into the latter, 
and assummg that the average wdght per passenger is one hundred and 
forty pounds. The live loads for elevated railroads, unlike those for sur- 
face railroads, do not increase from time to time, but remam constant. 
In fact, electric operation has rather decreased them, for the weight on i 
the asdes of a motor^^ar generally produces smaUer boading momenta 
than that on the axles of a steam locomotive. 

After the distribution of the live load on the various axles of the entire 
train has been detennined, it is well to prepare a diagram of equivalent , 
uniform loads and one of total end shears similar to those given for the 
standard live loads of Chapter VI, in order to facilitate the computing 
of stresses and bending moments. 

I 

Floor 

The style of floor in general use on elevated railroads consists of tim- 
ber ties with four lines of timlxT guard-rails, closed floors of buckled plate | 
or reinforced concrete carrying timber ties in ballast l)eing employed at 
crossings of important streets and boulevards so as to prevent dirt and 
moisture from falling upon people passing beneath. Such a closed floor I 
has been advocated for the entire li ne, and certainly it would be an improve- ' 
ment upon the open one; but the increased expense involved is likely to j 
interfere seriously with its adoption for future elevated railroads. The 
ballast over the buckled pkte in tag^t floors is necessary to prevent noise 
from passing trains, which, unlen some effective sound-deadener be 
adopted, would be simply deafening. 
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Economic Span-Lenqths 

With the ordmaty live loads, for structures located on private prop- 
erty the eooDomic span-length is about forty feet, while for structures 
located in the street it varies from forty-seven to fifty-three feet accord- 
ing to the transverse distance between vertical axes of columns, the greater 

the distance the greater the economic span-length. With heavier live 
\o8u\si the economic span-lengths would be shorter. 

Four-Column Versus Two-Column Structures 

In four-track structures located on private property there is but littie^ 
if any, difference in the cost whether four columns or two oolunms per 
bent be employed; but preference is given to the fonner on account of 
ita greater rigidity. 

Braced Towers Versus Soutary Columns 

In structures on private property there is quite a gain in both rigidity 
and economy by adopting braced towers spaced about one hundred and 
fifty feet centres. 

Rails 

The author prefers to adopt for elevated railroads steel rails five 
inches high weighing not less than eighty pounds to the yard, so as to 
provide for the excessive wear caused by the constantly passing trains. 

Treated Versus Untreated Timber 

Extended investigations have proved that it pays well to jireserve the 
track timber, and that, up to the present time, by far the best preserva- 
tive process is creosoting. 

Pedestal-Caps 

The most satisfactory and economical pedestal-caps are of concrete 
covered with at least six inches of first-class granitoid. These have all 
the advantages of cutnstone blocks, and arc generally cheaper. The latter, 
however, can be used if there be an3rthing to be gained thereby, provided 
that the cuality of the stone be first class in every particular. 

ANCHORAGES 

It is best to anchor columns to pedestals by means of anchor-bolts, 
either two or four per column — according to whether there is bending on 
the latter in one or in two directions — extending well down into the con- 
crete and well up outside of the column, to which they connect by means 
of long enclosing plates and heavy washers. The boxed spaces at the 
column feet should always be filled with concrete to prevent the coUection 
of dirt and moisture. 
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Plate Oibdebs Vbbbus Opbn-Webbed, Riwivd Gibdsbb 

As far as economy goes, there is no material difference between plate- 
girder work and open-webbed, riveted work ; but the former is more saX- 
isfactory in most particulars, the only advantage claimod for the latter 
being that it is more sightly. On this account it is preferable for structures 
ooeupying the streets, while plate-girder work is more advaatageoiis for 
those located on private property. i 

Cboifino of Wi!»-STilmBNiNG Anoucb 

Investigation has shown that it is ccouoinical to crimp the interme- ^ 
diate stiffening angles and best to use fillers beneath the end stiffeuers. ^ 

i 
I 

Sections fob CoLinfNB 

The best section for coluIun^^ located in tlie street is one composed of 
two channels with their flanges turn<'(l inward and an l-hcam rivetinl be- 
tween them, the flanges of the fotiiier l)(Mng held in phxcv by interior 
stay-j)lates spaced about three fe^ t centres. The main object in turning 
tlie flanges inward is to enable the cnhimn better to resist impact from 
heavily loaded veliieles. The most satisfactory section for columns lo- 
cated on private property consists of four Z-bars and a web plate. 

Expansion Joint 

The author's ideal expansion ])<»( ket, which was deseril)ed very fully 
by both text and drawings in hui paper on Elevated Railroads, is repro- 
duced later in this cliapter. 

Propsb Distance between Expansion Points 

With colunuis fixed at both top and hott»»ni. the j)roper distance 
between expansion poiuti> is about one hundred and filty feet. 

SUPEBELEVATIQN ON CUBVSS 

Superelevation of the outer rail can be obtained b}- var^'ing the heights 
of the stringers, by putting a wooden shim on the outer stringer, by using 
bevelled ties, or by spiking a sliini to each tie. The hust two methmis ar«» 
generally preferable, but the second is not considered to be good practice, 
while the first one would give utniecessary trouble in the shops. It will 
generally suffice to employ only three bev(>ls for ties, viz., one, two. and 
three inches in five feet. Such bevels will not, it is true, afford the th(Mj- 
retical suiKTclevation rerinired for the maximum sikhhI on sharp curves; 
but it must be reniemlieK'd tliat it is difhcult to maintain high ^)eed 
there, hence the compromise between theory and practice. 
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In amoluding his before-mentioned paper, the author made a fist of 
the pnndpftl faulty details in existing elevated railroads, thereby provok- 
ing mttoh animated diseussion; and, as the subject is one of great im- 
portance to the designer of future similar structures, that portion of the 
pupet whioh ineludes this list will be reproduoed here nearly Terbathn. 

I. iNaumCIBNCT OF BlVETS FOB Ck>NNSCTING DlAOONAUl TO CbOBDS 

OF Ofbn-Wsbbsd, BmrnD Qibdbiib 

This defect is more noticeable in old structures than in later ones, 
<spocially a.s the tendency nowadays is very propcriy to sul>stitute plate- 
girder for op<'n-\vc!)l)cd const nulioii. In many of the older elevated 
roads there is no comicclinj^ plate between tlic diaironal and the chord, 
l)ut one Icp; of each of the anp;les in the diagonal is riveted directly to 
the vertical legs of the cliord angles. This detail involves the use of 
either two or four rivets to the connection, which is evidently very bad 
designing, as there should be more rivets employed, even if the diagonal 
stresses do not call for more on purely theoretical considerations. Where 
the theoretical number of rivets is very small, additional rivets should be 
used for two reasons, vis., first, one or more of the rivets are liable to be 
loose, and, second, there is nearly always a torsional moment on .eaeh 
group of rivets, owing to eccentric connection. 

U. Failobb to Intersect Biagonais and Chobdb of OPSN-WsBaiBD ' 

QmoBRs on GBAvmr Lines 

It is very scklom indeed that the designer evc^n attempts to intersect 
at a single point all of the gra\ity lines of members lissembling at an 
apex. The failure to do so inxolves large secon«lary stresses, especially 
in the heavier members. By using conn(H*ting plates, it is always prac- 
ticable to obtain a proper intersection; and it is better to do this than 
to try to compensate for the eccentricity by the use of extra metal for 
the main members. 

III. Failtjeb to Connbct Wbb Angles to Chords bt Both Legs 

Some standiird bridge specifications stipulate that in case only one leg 
of an angle be eoimected, that leg only shall be counted as acting, although 
this stipulation is generally ignored by tlie designer workiutr under such 
specifications. It is seldom, indeed, that both legs are connected. In 
order to settle the question of the TKMM'ssity for this requirement, the 
author made, in connection with his Northwestern Elevated work, a series 
of t( st.s to destruction of full-sized members of opc^n-wcbbed girders^ at- 
tached in the testing machine a.s nearly as practicable in the same way 
as th^ would be ooimected in the structure. It was intended to settle 
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by these tests the fdllowinp^ points: first, the effect of ronnocting })v one 
leg; only; second, the effect of eccentric connection; and, third, the uhi- 
mate strength of star struts with fixed ends, each of these struts being 
formed of two angles. The principal deduction to he mado from the 
tests is that an equal-legged angle riveted by one leg only will develop 
alx)ut 75 per cent of the strength of the entire net section, wliile a 6" X 3)^" 
angle riveted through the longer leg \v\\\ develop about 90 per oent. It ia, 
therefore, more economical for short diagonals to use unequal-legBed an- 
gles connected by the longer leg than to employ supplementary angles 
to try to develop the full strength of the {Heoe. In faet» the experiments 
made up to date indicate that these supplementary angles wiU not 
essentiaUy strengthen the diagonal. These tests -showed also that the 
star stmts mentioned do not develop as much strength as one would sup* 
pose, and, therefore, that th^ cannot be recommended for the constrao* 
tion of sted structures. Later experiments on single angles and two angles 
riveted together back to back, connected by xivetmg to an exterior plate, 
developed only fifty per cent, or even less, of the theoretical strength by 
the column fonnula, when tested m compression. The spedficatioiis of 
Chapter LXXVIII cover this feature of proportioi^ng such struts. 

IV. Failure to Puoportion Top Chords of Opex-Werhed, Longi- 
tudinal GiiiDERis TO Resist Bending from W'HEEL-LoADb in 
Addition to Tusm Direct Comfressivs Stbbsseb 

This neglect is common enough in the older structures, and the fault 
is a' serious one, although the stiffness of the track rails and the flexibihty 
of the ties tend to distribute the load and thus to reduce the bending. 

V. Insufficient Bracino on Curveb 

Too often in the dder structures the curved portions cS the line are 
no better braced than are tiie straight portions. A substantial system 
of lateral bracing on curves extending over the entire width of the struc- 
ture and carried well into the tops of the columns adds pjeatly to the 
rigidity uf the construction and, consequently, to the life of the metal- 
work. 

VI. Insufficient BiLiciNo between Adjacent Longitudinal 

GlKDEllS 

The function of the bracmg between longitudinal girders is an im- 
portant one, for it is the first part of the metalwork to resist the s^ay 
of trains. Not oiu:> should the top flanges of adjacent girders be con- 
nected by rigid lateral bracing, but the bottom flanges should be stayed 
hy occasional cross-bracing frames, one of the latter being invariably 
used at each expansion end of each track. The biacuig frames betweeu 
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the gitders of adjacent tracks, if any be used there, should have no diag- 
onals; ior these would transfer some of the live load horn one pair of 
girders to the other and would not only oveistress some of the metal when 
one track only is loaded but abo would induce torsional fltrc ss cs on the 
unloaded pair of girders. 

Vn. Pm-^NNBCfiso, PoNY-TbusB Spamb and Flats Gibdsbs wifb 

UN H f riFFBNIBI> TOP FlaNOIS 

These defective constructions are noticeable in some of the older lines^ 
but, fortunately, not often in the newer. What the ultimate resistance 
of the pony-truss structure is no man can tell without testing it to de- 
struction; but, in the opinion oi most engmeers, it is much less than it 
is assumed to be by those designing pony-truss bridges. 

Vni. Excess of Expansion Jonm 

Too many expfinsion joints in an elevated railroad arc nearly as bad 
as too few. In tlie former case tlie metal is overstressed by the vibra- 
tion induced by the lack of rigidity, while in the latter case it is over- 
stressed by extreme varitotioDS of temperature. There are elevated roads 
in existence with expansion joints at every other bent, and there is at 
least one witii them at every bent. For long spans expansion should 
generally be provided at every third bent, and for short spans at evay 
fourth bent. 

IX. RxanNG Lonottudinal Gibdebs on Top of CBosa-GmnEBS 

WTTHOOT Riveting Theh Effectively Thebbto 

This is by no means an uncommon detail, e^specially in the older struc- 
tures. It is conducive to vibration, and its only advantages are ease of 
erection and a cheapening of the work by avoiding field-riveting. 

X. Cbobb-Oibdebs Subjected to Uoboontal Bbndino bt Thbixbt 

of Tbains 

The resistance that can he offered l)y a cross-girder to horizontal bend- 
ing is very small; nevertheless, cross-girders are rarely proU cted from the 
bending cfTects of thrust of trains. What saves them from failure is the 
fact that th(^ continuity of the track tends to distribute the thrust over 
a number of hmts. TI()W(>ver, it is not legitimate to deix nd on this, for, 
especially on sharp curves, the tendency is to carry the thrust into the 
ground as directly as possible. In the author's opinion, the only proper 
way to pro\nde for this thrust is to assume that 20 per cent of the greatest 
live load between two adjacent expeamm, points will act as a horisontal 
thrust upon the columns between these two expansion ix)ints; and to 
InxqDortion all parts of the metal-work to resist this thrust property* By 
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ninniiig a strut from the top of each poet diagonally to the longitudiiial 
girder at a panel-point of its sway-bracing, the horisontal thrust is carried 
directly to the post, and a horisontal bending mommt on the cross-girder 
is thus prevented. Such construction should invariably be used where 

the conditions require it. 

XI. CuiTiNG Okf Columns below ihk Bottoms of ('ross-Girders 

AND liEttTlNG THE LaITEK ThEUEON 

This style of oonstructioii, which until the early nineties was almost 
universaly is extreme^ faulty in that there is no rigidity in the connec- 
tion and that the column is thus made more or less free-ended at the top. 
It has been said that no harm is done to the column by making it free- 
ended, as it can then spring better when the thrust is applied. Unfor- 
tunately, this reasoning is fallacious, because the few unlucky rivets 
which oonneot the bottom of the cross-girder to the top of the oohmm 
tend to produce a fixed end, and are, in consequence, racked excessively 
by the thrust of the train. In all cases 'the column should extend to the ' 
top of the cross-girder, and should be riveted to it in the most effective | 
mauuer practicable. 

I 

XII. Pai/trt Bracksts CoNNscnNa CsoeSFGnuuBBB to 

Columns 

i 

Brackets are often seen composed of a couple of little angles attached i 
at their ends by two or three rivets. Such brackets are merely an aggra- 
vation, and are sure to work loose sooner or hiter. Although it is im- 
practicable to compute the stresses in tliis detail, good judgment will | 
dictate the use of solid-webbed brackets riveted rigidly to boUi cross- 
girder and column so as to stiffen the latter and check the transverse ' 
vibration from passing tnuns. 

XIII. PBOPOBnoNiNG Columns fob Dirxgt Lms and Dbad Loads 
AND Ignoring thb Effbgtb of Bunding Causbd bt Tbkvbt 
OF Tbains and LatbraIi Vibration 

The practical effects of this fault can be seen to best advantage In- 
standing on one of the high platforms of one of the elevated railroads of | 
New York City. The vibration, by no means snoall, from an i^>|»oach- 
ing train can be felt when it is yet at a great distance. Home may claim 
that this vibration is not injurious; but they are certainly i^Tong, for 
what does it matter, so far as the stress in the column is concerned, whether 
the deflection be csAised by vibration or by a statically apphed transverse 
load, so long as the amount of the deflection is the same in both cases? 
It takes metal, and considerable of it, to make columns strong enough | 
to resist bending properly; and a sufficient amount should be used to 

attain this end. I 

- I 
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'XIV. OmasiON op Dluphraom Wsbs in Columns Subjxctbd 

TO BSNDINQ 

Tf the diaphrag^iii web i)o omitted in such a column, reliance must Iw 
pla<("l on the lacing to carrj" the horizontal tlirust from top to bottom. 
But even if the hieing figure is strong enough to carry it, which is unusual, 
it is wrong to assume it so, for the reason that one loose rivet oonnecting 
the lacing-bars will prevent the whole system from actingi as will also a 
lacilig-bar that is bent out of line. Decidedly, every column that aots 
also as a beam should have solid webs at right angles to each other. 

XV. iNSFFBCnVS Anchoragxs 

For the sake of both rigidity and stronc^th, every column ought to be 
anchored so firmly to the pedestal that failure by overturning or rupture 
would not occur in the neighborhood ol the foot, if the l^ent were tested 
to destruction. The of the ordiDaiy column-foot connection is 

beyond description. 

XVI. COLUUN-FlBBT SUBBOUNDXD BY AND FfLLBD WITH DiBT 

AND MOIBTUBB 

The condition of the average column-foot is simply deplorable, lliis 
is caused by failing to raise it high enough above the street to prevent dirt 
from piling around it, and by omitting to fill its boxed spaces with con- 
crete. When rusting at a column-foot is once well started, it is almost 
impossible to stop it from eating up the metal rapidly. 

XVII. Insofficibnt Bases tor pBDnsTAis 

False ideas of economy on the part of the projcctoni and indifference 
on the part of some unscrupulous contractors occasionally cause the use 
of pedestal bases altogether too small for the loads that come upc^n them, 
espedally where the bearing capacity of the soil is low. The result is 
sunken pedestals and cracked mctalwork. In figuring this pressure on 
the base of the pedestals, it is not sufficient to recognise only the direct 
live and dead leads, but it is necessary also to compute the additional 
unequal intensities of loading caused by both longitudinal and transverse 
thrusts. Impact also should be considered. 

Concefning th(> question of the extent to which the faults just out- 
lined exist in the older elevated railroads of this country, the author 

would refer the reader to the r(5sum^ of discussions on his paper. 

About the most important object to attain in constructing an elcvat<'d 
railroad is to have a perfectly smooth and durable track; and no trouble 
uur expense should be spared to secure it. For this reason the top flanges 
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of tho longitudinal girders, if the limiting height** of grade and clearance? 
line permit, should l)e several ii^hes higher than tliose of the eross-girdtTs, 
the ties should all be j)laned to exact dimensions, tie-plates should be u^ed 
over all tie^, and the system of bolting of flooring to structure should be 
the most effective possible. The longitudinal girders should not be made 
continuous, or oven semi-continuous, over the cross-girders; and when 
blocking up is necessary, short buckled plates should be plac(Hl over the 
latter so as to provido a continuous surface for the ties. Hook bolts 
should be used for attaching the timber to the metalwork through each 
alternate tie, the other tics being bolted to the inner guard-rails. 

The ties should be spaced with opeilill0B not greater than six inches, 
their secti<»ifor a five-loot stringer spacing being 6" X 8" laid on fl it; 
but where croes-oovers are employed, the depth should be properly in- 
creased to withstand the bending moment due to the greatest load from 
the wheels. • 

The least allowable overhead deaiance for most mties is fourteen feet; 
but there are sometinies qiedal crossmgB requiring a greater hdg^t. . Hm 
width of rie^tK)f-way b^ond the centre line of the outer track shoubl 
not be less than seven feet. 

The proper depths of longitudinal girders are to be determined very 
carefully. For the sake of appearance it is generally not well to use 
more than one depth, but such an arrangement cannot always obtain. 
The general depth should, if possible, be the economic one for the average 
span-length. For ])late-girder spans it is about one-tenth of the length, 
while for open-webl)('d, riveted sj)ans, it is much greater — so much greater, 
in fact, that for deek spans the economic deptli ( aiinot be adopted, be- 
cause of the raising of the ^rade whichwuuld be eaustd thereby. 

Before the designing of the metal work for an elevated railroad is 
started there are certain imix)rtant matters which should be fully deter- 
mined, viz., tlie (liniensions and weights of rr)lliii<jr stock, sizes and number 
of trains, metho<l of tractiun and the ])r(ii)er track to suit the same, tho 
locatioiLs of all stations and their leading dinvusions, the storage capacity 
for the terminals, the capacity of the repair-shops, and the method of 
operating the road. Unless all these questions be settled conclusive^ 
at the outset and before the designing is begun, trouble is sure to ensue 
because of changes that will have to be made from time to time during 
the course of both design and const niction. 

The faulty details criticized in the preceding extract from De Ponti- 
buB have been corrected in the latest elevated railroads, although the 
struts from longitudinal girders to distant columns have sometunes been 
omitted — to the evident detrunent of the structure as far as rigidity b 
ooQoemed. 

Mr. William Barclay Ftoons, in designing the West Side Viaduct 
extension of the New York subway, evolved a new type of colunm. It 
consists of four bulb angles, rolled eapeciaUy for the subw ay construction. 
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-with a iringle wetH)latey which veb-plate is omitted in the upper part of 
ihe column. The web^ilate of the eroes-girder eottends domward from 

the bottom flanges thereof, and is of the same thickness as the web-plate 
of the column. This projecting web is dropped down between the bulb 
angles of the columns and is riveted thereto. The section ut the column 
is economic, and the connection is a good one, although somewhat more 
difficult, jx rhaps, to make in the field than the ordinary' attachment of 
cross-girder to column. The rivets wne arranged for driving by power 
machines in the fi?!d, and their number was smaller than those for the 
usual type of coimection. 

With possibly the exception of a few modifications of minor importance 
in the deck, as far as the author can learn, this is the only detail of ele- 
vated railroad designing which is in the nature of an improvement over 
those adopted in the building of the before-mentioned elevated railroads 
in Chicago and Boston. 

There is a detail in the Boston Elevated Railroad that, when adopted, 
was assumed to be an improvement on the Chicago construction; but the 
author does not agree with the assumption. It connsts ui inserting be- 
tween the top of the concrete pedestal and the steel column-foot a heavy 
cast block to distribute the pressure, the anchoivboHs passing idly through 
it and taking hold of the sides of the column. There is no need of inter- 
posing anything between the concrete and the steel foot, if the hitter be 
properly spread by adequate stiffening; and it is always difficult to en- 
sure sufficiently perfect contact between the squared end of a strut and 
a easting. It takes more metal and more workmanship thereon to put 
in the casting than to finish the foot as suggested, and the actual result 
obtained is inferior because of the loose block between the column and 
its bearing. Moreover, it adds imnecessarily to the length of the anchor- 
bolt^^. In short, tluTe does not appear to be any good reason whatsoever 
for a(lui)ting such a detail, unless the required bearing area at the column 
base be unusually large. 

The weights of metal used per lineal foot of single track, according to 
the author's practice in 1893, were npj^roximately as follows: 

\\ ith pedestals directly under traclLS and with iongitudiuai bracing, 
m) lbs. 

With pedestals directly under tracks and without Icmgitudinal bracing, 

45() lbs. 

With columns straddling a double-track street railway and no longi- 
tudinal bracing, 500 lbs. 

With columns on ct^b lines and straddling a 40-ft. street and without 
longitudinal bracing, 600 lbs. 

The live load corresponding to the preceding weights varied from 
2,000 lbs. per lineal foot of track for a length of 30 ft. to 1,160 lbs. for 
a length of 190 ft. 

Curiously enou^, the specifications employc^l hi desigmng the Chicago 
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elevated railroads more than two decailcs ago, although impact was not 
then considered, give almost identical proportions for members as those 
that would be obtamed by usisg the specifications of Chapter JUXXVUi 
and the impact for electric railway bridges given in Fig. 7d. 

On page 269 of Kuiui's "Design of Steel Bridges'' the weight of metal- 
work in elevated railroads carrying light (pessenger) traffic is stated to 
be about 600 lbs. per hneal foot per track, and tbat for standard rail> 
roads about 2,000 lbs. for double-track and 3,000 lbs. for fouHiraek struc- 
tures. These figures are based on a wooden tie flooring; and tt is stated 




S. DC 



m 



I 1 II < I i i f"^ 



CRMS & LCI ION 



SIDE ELEVATION. 




.— m — ^ 









J 








\IZJ_ 




HALF PLAN. 

Fio. 24a. Plan, Elevtttiou, und CrutMHiection for a Four-column I'llevated Koilruad. 



that, if steel flooring and ballast are used, about fifty per cent should 

be added thereto. 

The author is inclined to doubt the correctness of this last statement; 
for if it will apply to a light passenger elevated railway it will not to a 
standard steam railway, as the weight of the buckled plate or trough 
floor is about the same in the two cases, as is also the amount of ballast 
If a ballasted floor is to be employed, it would be better and cheaper 
to support it on a slab of reinforced concrete. 

The characteristic detailing for elevated railroads as given in the 
author's before-mentioned paper on that subject is herewith reproduced. 
Had any material improvement bwn eflfected in their designing during the 
last two decades, the old drawing would have been discarded and new 
ones would liave Imm u prepaml. 

Fi^. 24a shows ji eross-s<'etion, side elevation, and plan for a fuur- 
culuiiiu structure iT(>('ted on })rivat(' right-of-way. It is the best and 
mo«t econoinie lype tliat can hv usrd. Fi|i. 2\h shows an enlarge* 1 half 
elevation of a lower. A p(K<sil>]<' ini]>ro\enient in the dciailin^ ini^hx 
have been eifected by making the upper comer brack42t coimect to the 
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ahaliow kxnc^tudiiial gttdat; but the detailer evideatly oonBidiered that 
the end oi the deep longitudiDal girder stiflfened the ooniiectioa effectively 
for canying the hcmMmtal compoaeiit of the diagonal etnas into the 
shallow girder. 

Fig. 24c gives a CTOSB-eection of the floor adopted on the two Chicago 

elevated railruads. 



OoTCr n." v:\ i'l' 




Fw. 246. UaU £levation oC Tower for Elevated Railroads. 



Fig. 24d gives a detail for a column-foot and a pedestal with the con* 
nection between them. This type of deUul, which makes the colunm and 
pedestal act as one continuous whole with no tendency under any possible 
oircuinstances to part at the joint, was first employed by the author in 
1891 when ^o"g^»"g the ooluauis and pedestals ol a train-ehed at Sbux 
City, Iowa. 
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Fig. 24« giv«8 a qr oococ daon and a horisontal seetioii d the elevated 
fltnicture just below the deck at a fixed end; and Fig. 24f iUustiateB the 
same views at an expansion end. 

FSgs. 24^ and show on a laiger scale the expansion pocket at the 




Fta. 246. CroaoDCctibn of Floor for the Northwestem Elevated Railway and Unioii 

Loop Elevated Railway in Ghioago. 

sliding ends of the longitudinal Riders. The method of figuring the rivets 
for the eccentric connection of the said pocket to the column b explained 
fully in Chapter XVI. 

For further information as to elevated railroads the reader is re- 
ferred to the before-mentioned paper in the Transaduma of the Americaa 




Fko. 24d. Detail of Cofainm Foot and Pedestal for Elevated Railroada. 



Society of Civil Engineers for 1897, and to Chapter Xill of Kuns's 
"Design of Steel Bridges." 

SiiH «* the preceding was written there has appeared in Etigineering 
News of May 20, 1915, an oxc* Hent article by "Maurice E. driest, Esq., 
C.E., Assistant Designing Engineer of the Piil>lic Service C'ommiaBkin 
of New York aiy, entitled "Design of Steel Elevated Railways, New 
Yod^ Rapid Transit fi^ystem/' and describing the lines now being built^ 
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moBt of the designing work on which was dobe under his immediate 
supervision. 

This is the latest and best type of construction for elevated railways, 
although it do^s uot contain many improvements upon the Chicago cle- 




TiQ. 940. Detaila at Upper Ftot of Coliiiim inch Fixed Girdm^^ 

vated railroad work herein described. There is one detail that is oertainJy 
an improvement, vis., the insertion ui a half-round sliding bearing in the 
expansion pocket instead of the thick plate used formerly. It permits 
the girder to deflect under k>ad without any tendency to shift the point 
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of application of the end reaction. The connection of longitudinal girden 
to tops of columns located on curb by means of deep, stiff struts, as in- 
augurated by the author for the Chicago structures, has very properly 
been adopted. 

There are several points of genml interest in Mr. Qriest's paper 
well worthy of noting* One of them is that the ratio of total cost of 




SECTIONAL PLAN 

Flo. 2iif. Details at Upper Part of Column with Expanaioa Girdero for Elevmted 

RailitMulB. 

Hne for open liuur and solid llooi is as one is to one and six-tt^iths. This 
is rertainly a great dilTcrciu t', aad .shows conchisively that it is Ix tttT to 
u»e the ypen-floor construction whprrvcr the coiiditions will luTiiiiT. Mr. 
Griest shows, as did i\\r author, that there is ron>i(lrral)l(' advanta^^e 
in placing the columns in the same longitudinal vertical phint' as the 
out( r longitudinal gird(Ts and inserting corner braclcets beneatii them so 
as to obtain aiiditional rigidity. 
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Mr. Griest's structures all carry three tracks, while those of the au- 
thor have cither two or four; hence it is difficult to give a proper com- 
parison of weights of metal. Again, the recorded weight of metal, 2,250 
lbs. per lineal foot of structure, includes the st^'el in the stations. A fair 
allowtince for this would be 200 lbs. per lineal foot, leaving 2,050 lbs. per 




Fio. 24g. IVtjiiLs «»f Expansion Pocket for Elevated Railroads. 
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lineal foot for the strurturo proper, or 683 lbs. for each track. As ru*arl\ 
as his records show, a three-track structure in Chicago with columns i 
curbs would have required about 1,500 pounds of metal per lineal foot 



It 




FiQ. 24^ Details ot Kypaiwian Pocket for Elevated 



of span, or 500 lbs. per track. The ratio of live luad.s in the two ca.<;es 
for a 50-ft. span is about 1.6, and that of total loads about 1.5. l liis 
inerrase would add not more than twenty-five per cent to the author's 
weight of metali making it 750 iba, per lineal foot for like loading m 
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agaiiiBt 683 R». Tins » a fairly doee check fcr such neoe8Btt% rougli 
figuring, and shows that Mr. Qriest's derignhig was eoonomicaUy done. 

Another yariatUm in detaihng is the increaeing of the idathre hdg^t 
of the lon^tudfaial prden so as to let their top flanges pass half-way over 
the croes-girders. This pradioe was established on the South Side 
Elevate Railway of Chicagb some years ago by C. V. Weston, Esq., 
C.E. (later the president of that company), who was associated with 
the author in the fieldwork of his Chicago elevated railways. It is 
somewhat of an improvement upon the old method of dropping the tops 
of the longitudinal girders below the upper llanges of the cross-girders; 
but there never was any serious objection to the latter arrangement. 

Mr. Griest gives a diagram showing that for stnictures located in 
the street the economic span-leiicrth is fifty feet, but that for lengths from 
forty-five feet to fifty-hve feet there is not much difference in the ctxst. 
This agrees exactly with the author's investigation made some twenty 
years ago; for in his paper on "Elevated Railroads" he stated that "The 
investigation showed that for plate-girder construction through private 
p ro p er t y the economic span-length was about forty feet, while for similar 
ocQstniction in the street it varies from forty-seven to fifty feet, or even 
tliree or four feet more in case of cross-girderB spanning wide streets 
from curb to curb." 

Mr. Griest adopted for his cohmms the same section that the author 
used on the Union Loop Elevated, vis., two fifteen-inch channeto with 
their flanges turned inward, separated by a fifteen-inch I-beam; but find- 
ing tiiflt the latter were sometimes slightly warped and that the oolunms 
built with the defective sections were in wind, he decided to replace them 
by built I-beams. As these weigh more and cost nuxe per pound than 
the rolled sectkms, the change is not in the fine of economy. If the final 
rolling of the section be done with proper care, it will be true to shape. 
No truuljle of this kind was experienced on the Chicago elevated railroads 
before mentioned. 
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Cantilever bridges arc a type of structure eminently suitable for 
crrtain conditions, but they ahould never l>e adopted unless those c6n- 
ditioDS exist, because ih^ are inferior in rigidity to simpie truss bridges 
and usually require more metal for their constmction. Generally q>eaking, 
they are appropriate only for long spans, althoug)i there is one case of 
short'fipan structure where this type may be used to advantage, vis., in 
crossing railroad tracks with deck plate-girder spans when the distanoe 
from clearance to grade near the middle must, be made a mintmiim and a 
smaller dear headway is permissible near the ends. 

The conditions which generally call for cantilever construction are 
deep gorges to be crossed by single spans, and the impracticabiUty of using 
falsework because of danger from washout. For some years there was 
a slight tendency in American cities to build cantilever bridges because 
of their novelty and, }X)ssil)ly, because the city fathers were inveigled 
iiilu ailupling thcni l)y siiiooth-tongui'd bridge agents. 

If there Ik' assumed a river crossing of very ^rcjit length, in which 
the bed rock is ai)i)r(>xiinately horizontal and where the conditions af- 
fecting erection an' nut unusually dangerous, tliere is no ix>s.sil)|p layout 
for a cantilever bridge which will be as inexjx ii<ive as a structure con- 
sisting of simple truss spans of equal length. ided that tlie said length 
be the most economic one possible and not greater than six hundred feet, 
excepting oidy the highly improbable case of the simi)le spans necessitating 
a width between central planes of trusses materially greater than that 
called for by the traffic requirements. That this fact is not generall> 
known is proved by the occasional building of a cantilever bridge in a 
place where the conditions do not call for one. For instance, there was 
no good reason whatsoever for making the great Pou^ikeepsie Bridge 
a cantilever structure, because using the same number of {Mere and 
making all the spans simple and alike the cost of the substructure would 
not have been at all increased, but probably diminished; while the weight 
of metal in the superstructure and towers would have been lessened a 
little. It is true that there might have been a little increase in coat of 
falsework, but as the materials thereof could have been used several 
times, it would not have been large; while, partially to offset it, there is 
the extra coet d the adjusting apparatus for the cantilever structure and 
the greater cost of erection due to delays in making the central connections. 

868 
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Moreover, alteniato simple spans could have been erected without fake- 
work by the eaqpedient fint adopted by the author for several Japanese 
bridges, which eipedient will be described subsequently in this chapter. 

The author has never been able to discover any good reason for mak- 
ing the Thebes Bridge over the lifississippi River of the cantilever type. 
It was claimod at first to be more economic of materials, but the author 
has gt)od n'iisuii to know that such a t laiiii is wrong. Certainly a simple 
span layout, such as was siiliuiitted iu the competition, would have been 
far mon^ sightly and no more expensive. 

If a deep, narrow gorgr with rocky sitles has to be bridged, the can- 
tilever construction will otu n prove economical for two reasons: first, the 
main piers, bciiiq: small, arc comjiarativcly inexpensive; anfl. second, the 
cost of falsework will 1m» preatly reduced, only a small amount thereof 
being used for erecting the anchor-arms. 

Again, if a stream is to Ix; bridged where it is impossible to put in 
falsework, or where there would be danger of its being washed out in 
case it could l)e put in, the cantilever will prove an economic design, 
although for certain conditions the caatilr^ r r arch design described in 
Chapter XXVI may be still more economical and possibly more rigid. 
This last feature, however, will depend somewhat upon the character of 
the arch adopted. 

That a cantilever bridge is less ripd and deflects more vertically than 
a simple span bridge no one who has examined both types of structure 
under load and who has computed the vertical deflections can well deny; 
nevertheless this comparative lack of rigidity is no great detriment or 
weakness, and should not be allowed to militate against the building of - 
a properly designed cantilever bridge where the conditions call for such 
a structure. Compared irith a suspension bridge, a cantilever t»idge is 
rigidity itself. But, again, this is no reason for condemning in ioto sus- 
jH'iision bridges, which have tiieir legitimate place in engineering con- 
struction, viz., where either an - xtremely long span is necessary or where 
a cheap highway bridge over a wide river is recjuired. 

There is one kind of steel structure in which the cantilever is more 
economical of metal than the simple span, viz., roofs supported on >\vc\ 
columns, as in train-sheds and workshops. The reason for this economy 
is the shortening of tlx* -■i>:ins and tlie ignoring of the elTt'cts of reversion 
of stress when proportioning members. The latter is legitimate within 
certain limits because of the infrequency or nnprobability of such reversion. 

There is a case ai possible economy in tlie cantilever type of con- 
I struction in crossings which are suitable for the simple span layout, to 
wliich the reader's attention should be called. It is entirely dependent 
upon the specifications for the minimum perpendicular distances between 
central planes of simple and cantilever trusses and upon win ther the width 
required for dear roadway has to be increased because pi the great span- 
lengths adopted. The old-established practice has been to make the 
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mSfiitniim djgtaiioe for ample speos one-tMitieUi (1/20) of the leogUi and 
that for oantilever-fipaiiB one twenty-fifth (1/25) or one twen ^- e e v m th 
(1/27) there(tf;biitatpfe8eatthefeiBateiidenoyto]iiflr^ 
to or beyond tiie Ihnit for simple span bridges. In the Quebec Bridge 
which failed the ratio was about one over twenty-five (25), while in the 
new design it is about one over twenty (20). In the original study which 
the iiuthor m;i(l(^ wlicn the bridge was first projmsed, the span-len^h was 
sixteen huiulnHl (1,600) feet and the width over piers seventy-live (7")) 
feet, making the ratio about one over twenty-one (21). In the Forth Bridge 
the ratio is one over fourteen (14). There is nothing to show that there is 
any truth in the newspaper statement that the narrowness of the ill-fat-ed 
Quel)ec Bridge had anything to do with its do\vnfall. The author be- 
lieves, though, that while a limiting ratio of one over twenty-five (25) 
is suitable for a spsin of seven hundred (700) feet or under, it should \)c 
increased gradually for longer spam so that for eightwn hundred (1,800) 
feet it would be one over twenty (20). He does not consider that any 
8ueh abnoimal width as that employed for the Forth Bridge is warranted 
for any conditions whatever, provided, of oouney that eoitable founda- 
tions could be obtained for the pedestal piers were a smaller width adopted 

But to return to the question of that possible economy: let US assume 
that a highway bridge for which the clear roadway must be twraty (20) 
feet is to be built over a ¥eiy wide river where the economics indicate 
that for simple spans a span-length of six hundred (600) feet is neoei^ 
ssiyi which length would requure a width of thhr^ (90) feet, while only 
twenty-three (23) feet are needed for clearance. If we consider that 
a width of one twenlyHwventh (1/27) of the span is permisnbley we oould 
adopt a cantilever kyout having main spans as long as six hundred and 
mnety (690) feet, for which the least width is twenty^^ve and a half 
(25.5) feet. Dm layout would permit of shortenfaig each pier four and 
a half feet; and it is conceivable that the consequent saving in cost of 
8ubstructun» would be larger than the net increased cost of superstruc ture. 

The following; is a statement of the various stresses for which the 
several spans of any cantilever bridge should be figured: 



m SosnmiBD Spam 

First : Dead-load Stn^aes. 

SeoouU: Livo-load Streaaes. 

Third: Impae(-load St wco . 

Fourth: Direot Wind-lcMd S tw— ea 

Fifth: Transforrwl-loivd Stresswj. 

Sixth: Erection Streaaes from Dead liOafl. 

Seveoth: £cectioa SfcresBes from Wii^d Load. 

Stresses i\ Cantilever- Arms 

First: Stresses due to Dead I/oad on Suspen(i»Hl S\nin. 
Second: Stresseti liue to Lave Load on SuBpendod Span. 
Tilird: Streeses due to ImfMUSt Load oa Suapflodod Span. 
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Fourth: Stresses due to Wind Load on Suspondetl Span. 

Fifth: Str.^saes due to Transferred Load on SuHpemic*! Spun. 

Sixth: Stresses due to Erection of Suspended Span and cuu.s<xi by the Deiui Load. 

Serenth: Stresses due to Erection of Suspended Span and caused by the Wind Load. 

Eighth: StroMi due to Dead Load on Gantilevttveiin. 

Ninth: Stma e t due to live Load on Cantilevw-ann. 

Tenth: Strenetdue to ImivK t Load on Cantileve^ann. . 

Eleventh: Stresses due to Wind Ixwui on (^antilever-ann. 

Twelfth: Stresses due to Transferre'i Ix>ad on Cantilevor-ami. 

(This load affects only the main inclined poets over piem.) 



STRI88E8 IN ANCHOR- ArMB 



First: 

Second: 

Third: 

Fourth: 

Fifth: 

Sixth: 

Seventh: 

Eighth: 

Ninth: 

Tenth: 

KU'vcnth: 

Twelfth: 

Thirteenth: 

Fourteenth 

Fifteenth: 

Soteenih: 



Stresses 
Stres-scs 

Stresses 



Stresses 
Stresses 
Stresses 
Stresses 




due tf) Dead l^oad on Sii.spendjHl Span, 

due to Live Lo.id on Suspendtnl Span. 

duo 1o Impact I.nad on Suspendetl Span. 

due to \\ ui(i Loud un Suspended Span. 

due to TVaosfened Load on Suspended Span. 

due to Erection of Suspended Span and caused by the Dead Load. 

due to Erection of Suspended Span and caused by the Wind Load. 

due to Dead Load on Cantilever«rm. 

due to Live Load on Cintilover-arm. 

due to Impact Ix>jmI oii CaiitiU'ver-arm. 

due to Wind I^ul on CantiU'Vt r-ann. 

due to Dead Ix>ad on Anchor-arm. 

due to Live Load on Andior-ann. 

duo to Impact Load on AnehoMurm. * 

due to ^^ ind Load on Anchor-arm. 
due to Traosf erred Load on Anchofsmn. 



S tuhwio Df Maim dimui* Spams 



Chobd Strihsbs 

First: Stresses due to Dead Load from both Suspended Spans and Adjacent 

Cantilever-anns. 

Seeond: Stresses due to live Load oovering both Suapended Spans and Adjacent 

GantaleveMurmB. 
Third: Stresses due to Impact for the latter case. 

Fourth: Stresses due to Wind Load on both Suspended Spans and both Adjacent 

Cant ilovor-iinn.s. 

Fifth: Strt"j<s<'S <iue to TransforrfHi Loa<l on both Suspended Spaas. 

Sixth : Stresses due to Dead Load on Main Central Span. 
Seventh: Stresses due to Live Load on Main Central Span. 
Eighth: Stresses due to Impact Load on Main Central Span. 
Ninth: Stresses due to Wiixl Load on Main Central Span. 
Tenth: Stresses due to TWmsferred Load on Main Central Span. 



Flnt: 



WSB 

S tres s es due to Dead Load on both Suspende<l Spans and both Gtotiiever- 



(These will be aero for a symmetrical structure.) 
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Soeond: Stresses <]iio to live LomI on one CanfcUemw tfii i end the adjoiniiig Su*' 

pendefl Span. 

(This loacimg produces a constant shear from end to end of Main Central 

iSpaii.) 

Thud: Stienes due to ^peet from heft load. 

Fourth: S tre a we due to Tnatttmd Load on one SuapMided fipaii. 

(This loading producea a oooataat ahear ham end to end of Main Gantnl 

Span.) 

Fifth: Stresses due to Dea<I Iavm] on Main Cent nil Span. 
Sixth: Strt^ses due to Live Ixja^l on Main Central iSpaXL 
Seventh: Streffles due to Impact from last load. 

For certain conditions some of these stresses will not need to be con- 
sidered, but in other cases they will; consequently it is necessary to insert 
them in the lists. For iiLstance, in the cantilever- and anchor-arms the 
sbcth and seventh items will generally he found to have no influence on 
the sections of members, but in some cases they will, as in long-span 
highway bridges with li^ht live loads. 

In calculating erection stresses, the weight of the traveler must not 
be forgotten, as it^ influence on such stresses is l)y no means inconsiderable. 

The combination of the various stresses requires both judgment and 
care, for some loads may or may not act together, and some produce ten- 
sion while others produce compression in the same member. Again, dis- 
tinction must be made between groups of stresses with wind-stresses and 
those %vithout, so as to use the difTerent iiUf^nsities of working strOBBes 
given in the specifications of Chapter LXXVIil. It would be too tedious 
to give hece the various combinations of stresses for each member d 
each span; but it will suflSoe to say that the computer will have to find 
for each main member in the entire bridge the greatest tension when 
wuDui-stresses are included, the greatest tension vihm they are excluded, 
the greatest compresdon when th^ are included, and the greatest com- 
presnon when they are excluded, taJdng care not to group together any 
stresses that cannot exist simultaneously. 

The determination of the proper live load per lineal foot for any mem- 
ber of a caintilever is one requiring a little care, the nilc being that for 
the piece considered the length of span to be used in iijiplying the w|uiv- 
alent uniform live-load diagram is the total length of structure which 
must be covered by the moving load in order to obtain the greatest stress 
in the said piece, excepting only the suspenileil si)an and the niiiin cen- 
tral sjjan, tor which the live loads actually imposetl are to l)e treated 
exactly like those of .simple spans. Of course, the impact is to be fitr- 
ured ior the length of structure tliat mu.sl be covered by the Uve load 
to j)ro(lu('e tlie greatest .stress in the piece under consideration. 

Some young engineers have an idea that the finding of stresses in 
cantilever bridges is a complicated matter. On tlie contrar>', it is very 
simple, as every stres- r-Aw be determined by the ordiiiar>' principles of 
statics and veiy readily by the use of graphics. Although the inxk is 
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simple, it is somewhat kmg and tedious^ as is evident from the 
lists ol stresses. The computer k advised, when fiDding the 
to tiy to group the loadingB any more than they 
are grouped in the said lists; for, If he does, he will 
probably have to separate them while making his 
combinations. 

In respect to combinations of stresses daring 
erection, there will be no necessi^ for mcreasing 
the sections proportioned for other combinations, 
provided they are as large as those required by 
the said erection-stress combinations with the 
intensities given in the specifications (Chapter 
LXXMII) for combinations that include wind- 
stresses, viz., inteiiisitics thirt v jxt rent higher than 
thust' for combination.-, wuhuut wind-strcaiiCii. 

It is no easy matliT to ^ivc an artistic efTect 
to a cantilever bridf?e; ni'vorthclcss it is Lif inM ally 
within the realm of possil)ility to do so, ailiiough 
it must I JO c()nf(\ss(Hl that most of the existing 
structures of tiiis type arc uncompromisingly ugly. 
If a convex upward curve can be placed in the 
top chord of the suspended span, so as to reverse 
at the ends into a concave upward curve on the 
cantilever arm, a graceful effect will be obtained; 
but the design generally will not be economical 
for erection on account of the large erection- 
stresses near the point of sospenmon. The author 
once made a design t>n these lines for a proposed 
l,fiOO ft. span highway bridge to cross the Missis- 
sippi River at St. Louis; and, as the suspended 
span would have been erected on falsework, there 
was no lack of economy Involved. The layout 
with all the main membm drawn true to scale has 
a very pleasing efifect, as can be seen in Fig. 25a. 

In lonp; spans like the one last mentioned it 
often becomeij ni^cessary to widen each cantilever- 
arm and each anchor-arm uniformly from outer 
end to main ])i(T, so arf to obtain the requisite \ \ 
rifndity for resisting wind-pressure anci s(j as to 
l<eep the wind -stresses in bottom chords witliin 
reasonal>le hinits. It seldcun pays, however, to 
build the trusses of thr<i ;irms in planes incHned 
to the vertical, principally because of the com- 
plicated shopwork involved. 

For both esthetic and constructive reasons 
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it is better to adopt a single vertical poet ovrr ouch main pier than 
to use either two posts close together or to divide the load between 
two luers, as maa done in the Forth Bridge. (Tliis critidam refen 
only to the North and South QueeEuafeny piors; for the two-hundred- i 
andnsixty-foot span at the Inchgarvie pier ia an anchoi««pany as can 
be seen in Fig. 2Sk.) The single post involvea greater simplietty^ 
than the double one, and is therefore preferable. When the latter 
is adopted, the two columns should dther be entirely independent of eadi 
otiier or should be connected by bradug that is incapable of transferring | 
any vertical load frcnn one oolTmin to the other. When the double i 
pier is used, there should be no diagonal web members in the span between I 
them, for such momhers involve continuity, the absence of which is m\y- 
poscd to be a fuudaiiu iital t hai acti-ri.stic of cantilever con.struction. It is 
the custom in America not to (in])loy such web diagonals in cantilever 
bridges; but in Europ<% where continuous spans are not objected to, they 
are sometimes adopted. 

The author once had occasion to design a number of larrrf Ijridges 
for a proposed braiicli-line of the Nippon Railway of Jai)an. The line, 
which was to be al)out oik' hundred miles long, was to follow the course 
of the Akano Hivcr, a mountain toiTent that rises from twenty to twenty- 
five feet in two or three hours, and attains in places a depth of water ex- 
ceeding one hundrwi feet with a total rise of sixty feet. Of course, false- 
work could be employed for th(^ bridges only to a very limited extent; 
iience it was necessary to resort to the use of the cantilever. Three of 
the eight structures were designed as ordinary cantilevers, two as simple- 
truss bridges, and three as cantilevers during erection and simple spans 
afterward. The last style of bridge is veiy economical of both metal 
and money, and will bear further investigation and exteosion, so aa to be 
made applicable to crossings where the ordinaiy cantilever bridge would 
otherwise be adopted. Its mode of construction is as follows: 

At each side of the river there is erected on falsework a simple tpan 
having its chords and certain of its web members (for short qsans aU 
of them) stiffened for erection stresses. Then over each pier is built a 
toggle co&fflsting of horiaontal upi)er-ch0rd ^e-ban and adjustable tsi^ 
ticals, by means of. which one-half of the central span is cantilevered over 
the stream to meet the other half, aft^r which the toggles are removed. | 
This method of erection can be uiiderstood by reference to the diagiaiu j 
in Fig. 256. i 

One of the three cases mentioned had rather pocuhar conditions, which I 
necessitated the adoption of another expedi<'nt. About mid-stream there i 
is a narrow rocky island that reaches to about the elevation of extreme , 
hiijh water. Near the edges of this island, as sliown in Fig. 25c, were 
located two small piers, each of which was to support one end of a long i 
span. Between the end shoes was run a temporarv' strut, and from <^ach ' 
pedestal was sprung a temporary post to support the temporary top- 
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chord eye-ban that ran from hip to hip. The rectangular panel was 
braced with temporaiy adjustable diagonals, and the top chord was hinged 
at the middle and comiected to the pedestals by other temporary adjust- 
able rods. These two sets of adjustable rods permit of the riiising or 
» rinj? of one span at a time. By mi ans of this device mon^ than one- 
half of each span could be cantilcvered out to meet tiie remainder thereof, 




FiQ. 256. Layout of a Simple-truas Bridge £rcH!ted as a Cantilever. 

whieh wastobe erected on falsework. It was intended to erect the e;in- 
tilevered portion of all tliree bridges with their ends higher tlian \\\vy 
would be in their final i)()>itiou, so that no raisinc:. but only lowering, of 
weight of the arms !)>■ the togjiles would be n<'ces>arv. 

In one of the three true cantilever bri< hj:< s for the proposed Japanese 
railroad an expedient wa8 adopted which may be worthy of description. 




Fio. 2Sc Lfl)3rcMit of a Simple-tniaa Bridge Partially Erected by the Cantilpver Method. 

One approach to the structure, as shown in Fig. 25d, was through a tunnel 
ending in the face of a vertical wall of rock. It was at first intended to 
use this rock in lieu of one anchorwn of an ordinary cantilever by letting 
the main posts lie close to its vertical face and tying the top chords well 
back into its mass; but a study of the contours of the rock showed that 
it dipped off to one side of the line in such a way as to render sudi an 




Flo. 2Sd, Layout of s Cantilever Bridge of Special Design. 

anchorage of uncertain strength, hence it was decided to increase the lengths 
of the suspended span and the far cantilever-arm sufficiently to cut out the 
near cantilever-arm, and thus let the end of the suspended span roll on two 
snail pedestals at the mouth of the tunnel. Five-eighths of this span 
were to be erected by toggles fastened into the rock, and the remaming 
three-eighths were to be cantilevered out also by toggles from the end 
of the far cantilever-arm. This metho<l roquinKl more metal than did 
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Pig. 25e. Simple-truss Bridge on the Nippon Railway in Japan, Erected by the 

Cantilever Method. 
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the one fint oontemplated; nevertheleflB it was the cheapest, eveiythuig 
considered, that could be adopted. The lodMuicborage was amply 
Strang for the dead-load puUs on it during erection, althoii^, as before 
stated, it was not suffidently reliable for reasting the effects of live loads. 

Owing to financial cooaderations the building of this branch line ci 
the Nippon Railway was not undertaken for many yean after the au- 
thor^s plans were finished; and when the project was resonected new 
surveys were made, and the crossings of the river were more or less changed 
in consoquenrc, thus rendering useless all the old bridge plans. How- 
ever, thr .I:i]):iius(' c'nji;ineers who propaml the now dtsigns adhered to 
the authur s methoil of semi-cunt ilevi ring in several cases. One of their 
bridges is illustrated in Figs. 25« and 25/, which show (juite efTectively 
the modus operaiuH of the scheme of "semi-cantilevering." Although the 
author evolved it some two decades ago, it was not until witliin the last 
four years that he had occasion to employ it in actual con.stnietion. 
Jiridges Nos. 2, 4, and 5 (the first mentioned acrass tin' I'rasrr Hiver and 
the other two across the Thompson) on the line of the ( anadian Northern 
Pacific liail\va>- in British Columbia were erected by this means. Fig. 
2!bg shows bridge No. 2 in course of construction, and Fig. 2&h gives a 
view of the finished structure for bridge No. 6. The larger part of the 
span in the latter was cantilevered out by tying back to the high rock 
above the tunnel, as previously described for one of the Japanese bridges. 

The best method of attaching the suspended span of an ordinary 
cantilever bridge is by hangers from inclined end posts on the cantilever- 
aims. For such suspenders narrow eye-bars should be used; and it is 
generally better to hinge them at the middle. This is because they ate 
subjected to transverse bending, due to longitudinal expansion and con- 
traction ol the suspended span from both changes of temperature and 
the application and removal of the live load. Narrow bars can spring 
slightly without being overstressed, and a rotation of the eyes on the 
pins will thus be prevented. Such a rotation would eventually enlarge 
the eyes and cut notches into the pins, necc!>sitatiiig for sonic luture time 
exiK'iisive repairs. 

The author hjis long desired to have an op])ortunity to tr>' what would 
be the effect on the general appearance of a cantilever bridge of leaving 
out the idle members of the top chord, and thus ac i cntuating the actuality 
of the cantilever construction, as shown in Fiji:. 2bi. This is in accordance 
with Precei)t Xo. 7 enunciated in ('liai)t('r J. 11, which treats of irsthetics. 
To the uninitiated such a departure from estal)lished practice might 
give an air of instability to the structure; but the trained eye would be 
pleased by the striking truthfulness of the innovation. 

In cantileveiwuins it is better and more economical to use inclined 
posts as well as vertical ones over the piers, so that the various loads 
will be carried more directly to the masonry. To insure the travel of 
the wind-stresses down the transverse bracing between these inclined 
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Flo. 2r)g. Simplr»-tni88 BriflRp over the Frawr River on the Line of the Canadian 
Northern Paeitic lluiiwuy in British Columbia, Erected by the Cantilever Method. 




I'kj. 2f»/i. Sinjple-truss Bridfjr over the Thompson Hivrr on the Lino of the Canadian 
Northern I'ucilic ILiilway in BrilLsh Coiunibia, Lnt t^Ml by the Cantilever Method. 
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posts, instead ol'up to the apex of the top chord and down the biaeing 
between the vertical posts, the author leaves out one pair of diagonals 
of the upper lateral system between the said apex and the tops of the 
inclined posts. The same expedient is used also for the anchor-anns and 
between the hips of the suspended span and the cantilever-armd. All 
bracing between opposite vertical poets and between oppodte inclined 
posts should be matle very rigid. Great care is necessary in designing 
the pedestals over the main piers s(j as to carry the loads from the three 
heavy ])i)sts the masonry without overstressinp; any of the metal in 
the pi tlestal. [iiid so as to distribute the total pressure uniformly over the 
masonry bi ai ing. 

The aiu'honige details n'Cjuire s[H'i-ial attontion, and no rules can be 
given to govern their d{\signing, for the n^ason tliat the conditions vary for 
all croesiDgs. The following hints, though, may be of use to the designer. 




Fio. 2M. Isyoai of CMitibnrer Bridge with Idle Top Chord Memben Omitted. 



First. The anchor-bars should be made as long and as narrow as 
practicable, and should be divided into short lengths by pins, for the same 
reason as was given in the case of the suspenders of the suspended sfpan. 

Second. All andiorage detuls should be accessible to the paint 
brush, excepting, of course, those portions of the bottom girders which 
are buried in the masonry. This result is accomplished by leaving wells 
in the anchorages of sufficient sise to permit the passage of a man to do 
the punting. If these wells are at any time partially filled with water 
temporarily by the rise of the stream, no harm wiU be done, provided 
that the painting of the metal work therein be always attended to prop- 
erly, an^l that adtijaate weei>-holes be left in the masonry. 

Third. Concrete for anchorages is always preferable to masonry-, 
because it can readily be made to take any rcciuiietl form. If necessarj', 
its exterior can be protected against abrasion from ice or drift by facing 
with granite or other hard rock, or with steel. 

Fourth. There sliould be an ind(*pend(mt anchoratre airainst wind- 
pressure, obtained by sliding surfaces of steel, one of ea( li j)air of same 
forming part of a heavy (h'tail which is ri<ii<lly attachcnl to the hntloni 
of the end floor-beam, and the other forming part of a heavy detail Uiat 
is anchored firmly to the masonry. 

Fifth. The tops of the anchor-piers should be made absolutely water- 
tight without interfering with the longitudinal expnt^sion of the anchor- 
9m, so as to prevent rusting of the interior metaiwork. 
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Sixth. The net weight of maeaniy in teuj anchor-pier after deducting 
the greatest buoyant effort ol the displaced water should be twice as 
great as the maadmum uplift on the said anchor-pier, when tlM effect of 
impa^H; is duly included. 

Many exi>edients have been used to connect up the metalwork of the 
suspended spans of cantilever l)ridp;es; and considerable trouble has often 
been experienced in doing the work, owing to variations in both length 
and elevation. The author is of the opinion that but little difficulty 
will be exjx'ricnced if the following precautions be taken: 

First. Sec tliat the entire triangulation is so accurately done that 
there will be no ])ossibility of an error exceeding one-cjuarter of an inch 
in the distance between centres of pins over main piers. A perusal o£ 
Chapter LX will show that this is perfectly feasil)le. 

Second. See that extra precautions are taken by the inspectors during 
the manufacture of the metalwork to insure that all lengths of main 
members shall be absolutely oonrect^ 

Third. Bee that the tapes used in abop and field are of exactly the 
same length. 

Fourth. Use toggles like those described ui this chi^ter for effecting 
the adjustment. 

fifth. Arrange to have the meethig ends of the chords a trifle high, 
80 that lowering and not raisng will be necessary. 

Sixth, Arrange matters so that when the ends of the metalwork 
come together they will be a trifle apart rather than tending to for 
it is much easier to heat the chords slightly by suspending beneath them 
sheets of metal containmg slow fires than it would be to cool them by 
packing ice around them in cloths. 

In preparing the maftuacript of De Pontibus, the author made an elabo- 
rate series of calculations concerning the economics of cantilever designing 
ami established curves for determining the weights of metal for all ordi- 
nary kinds of ouitilcv^r bridges. The principal problems solved were the 
following: 

First: Tlie ratio of the economic length of buspended span to that 
of the total oj>ening. 

Second. Tlie most economic length of anchor-arms when the total 
length l)(*tw(< n centres of anchorages is giveu, and when the mam piers 
can be plact^l whenever desired. 

Third. The reiutions between the weights of metal in the suspended 
span, cantilever-arms, anchor-arms, anchorages, main pedestals, and 
anchor-spans. 

Fourth. The best proportionate length for anchor-spans and the com- 
parative weiglits of metal in those of diffenmt lengths. 

The m( tluxi of determining the economic functions was to take the 
data on hand for the before-mentioned Japanese cantilever bridges, exact 
weights of metal having been computed for structures of 320 ft., 400 ft. 
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and .500 ft. 0|x^nings; and by varvinj? the layouts so as to use lonpor and 
short or suspended spans and longer and short (t anchoF'^arms, to obtaiUi by 
actual designs and estunates, the weights of metal for a sufficieiit niunb^ 
of layouts to indicate the desireil minima. 

In determining the economic length of suspended span for a certain 
opening, the length for the anchor^arms was first assumed to be one- 
fouiih of the said opening, then the total weight of metal in the entire 
bridge, including even the anchorages and pedestals, was figured for 
several cases; and the length of suspended span giving the least weight 
ci metal for the whole structure was found to be about three-eighths of 
the opening, although this length showed only one and a half per cent 
advantage over the case where the ratio was one-half. Now, as the 
rigidity of the entire structure certamly increases with the length of the 
suspended span, it will often be found best to make the length of the 
latter about one-half of the opening rather than three-eighths or any 
smaller projxjrtion. On the other hand, though, it has btcii found by 
trial that, with the thrcHMMghths ratio, there results a more sightly lay- 
out than can be obtained with the one-half ratio. To some extent the 
economic length of the suspended span will dcpeuil upon its method of 
erection, especially if it be pin-connected; for it is evident that, as its 
trusses must havi' some of their members eithiT stiffened or strengthened 
in order i)roperly to resist tlie erection stresses caused by cantile- 
vering, a central span that is floated into place will weigh less than 
one of the same length which is cantilevered; hence, for economic 
adjustment of weights and lengths the floated ^pan would have to be 
somewhat longer than the cantalcvenni one — but not much, as the 
difference m weights of the suspended trusses is probably never more 
than ten per cent. 

Next there were tabulated the various component truss and lateral 
weii^ts of a number of cantilever bridges that had previously been com- 
puted, and from them were constructed the curves shown in Fig. 25^, 
from which can be found the total weight of metal in the trusses and 
lateral systems of any three-span cantilever bridge, when the weight per 
lineal foot of the trusses and laterals in the suspended span is known. 
This weight, on the average, is eight cent greater than that for an 
ordinary simple span of the sjime length, the extra metal lx»ing required 
mainly for stiffening certain truss members to resist erection stresses. Of 
course, if falsework l)e used for the susiK'uded span, the eight per cent 
excess will not be added. 

The curves of perc(Mitjip:j's are based on two ass\mi])tions, viz., first, 
the panels throughout tlie t iitire structure are of cfjual kngth, and, sec- 
ond, the lengths of the cantilever-arms and anchor-anns are the same. 
The first assumption is nearly always correct, for there is seldom any 
material advantage to be gained hy \arying the panel lengths in the va- 
rious portions of the bridge, li the lengths of cantilever- and anchur- 
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arms are unequal, the average weight of metal obtairK^d for the latter by 
use of the curve will have to be corrected by the formulaj 

where T' is the correct final weight of truss and lateral metal in the anchor- 
arm, T is the weight of same found by the percentage curve, and r is 
the ratio of length of cantilever-arm to that of anchor-arm. It should 
be observed that, in applying the percentage curves to structures having 
subdivided panels like those of the Petit tnisSi the main or double panel 
is to l3e used as the basis of calculation. 

The iM(>thod of applying the percentage curves is as follows: I^et us 
take any opening and assume that there are six panels in eiich cantilever- 
arm, and that the weight per foot of truss and lateral metal in the sus- 
pended span is the panel length being p, and pio » TT. It is to be 
observed that this method is apphcable for aay proportioiiate length of 
suflpended span. 

The weight of metal in the floor system, being independent of the span 
lenisth and simply a function of the panel length and of the distance b&- 
tvreen trusses, is not considered in the Investigation, but is, of course, 
to be added when figunng the total wei^t of metal in the structure. 

The wdgfat of truss and lateral metal In the cantilevermn, as shown 
by the curve in Fig. 20*, will be 

1.2 IF + 1.4 IT + 1.65 TT + 2.0 IT-f 2.4 IT + 8.0 If - ll.«5 IF 
The wmgbt of the metal in the panel over the pier is, according to 
the directions on the diagram, 

1.8 X 3.0 If = 5.4 W 
Let us assume that there are only five panels in the anchor-arm, then 
the trial weight T will be 

0.75 W + 1.75 ir + 2.1 W 4- 2.5 W + 3.0 If - 10.10Tf. 
Substituting in the formula gives 

r-15f»:(i+|)-iuiif 

It will be seen from these calculations that the full percentages given 
for the end panel-points of cantilever«rms and ancfaor-anns are to be used, 
although in reality there Is but a half panel length for each point. This 
is caused In the heavy detaib required at these points for adjustment 
and anchorage. AU erection metal at the end of a suspended span is 
assumed to belong to the cantileverHBurm. 

Should, in any case, the panel lengths be unequal in different portions 
of the structure, it will be a simple matter to u>f the curves by finding 
average weights per foot for two iKssumed cjises of equal panel Itmgths, 
one making the arm greater and the other making it less in length than 
it actually is, and interpolating i)roperly between the results for the 
required average weight per foot for the arm. 
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The tx)tal weight of metal in the two anchorages of any three-span 
cantilever bridge can be taken as five per cent of the grand total weight 
of metal in the said three spans, and the weight of metal in the pedestals 
on main piers at four per cent of same. Of course, conditions vary for 
different cases; nevertheless these percentages will give .results sufficiently 
doise for all practical purposes. 

If the bridge be so long as to require an anchor-span, its weight of 
truss and lateral metal per lineal foot will be about 3.25 w, irrespective, 
strange to say, of the length of the said anchor-span, to being the weight 
per foot of llie trusses and laterals in a suspended span, the length of 
which is three-eighths of the main opening. The explanation of this fact 
is that the weight per foot of the chords increases with the net bending 
niomcnt-s, the upward moment being independent of the span leiiji,lli 
and iilYected only by the loads on the a<lj;i('ent spans, l)ut the downward 
moment increasing jus the square of the span length; while the weight 
per foot of the web, in so far as it is alTeeted by the shears from ext<'rior 
loading (the ruling factor in (letermining the sections of the wub members), 
varies inversely as the s])an length. 

If the 1enp:th of anchor-span be ver\' short, say materially less than 
on(vhalf of the main opening, the weight j)er foot for trusses and laterals 
will have to be increase<l to 'A.'mv, notwithstanding the fact tliat the entire 
top chords may then l)e built of eye-bars; but such sliort spans would 
probably be barred out by consideration for navigation interests. 

The percentage curves of Fig. 25; will not bear a rigid criticism, in 
that they make the weight of metal depend upon the number of panels. 
It is presupposed, however, that the panel length adopted is the mlbst 
appropriate one for the bridge; and the curves will be found quite ac- 
curate whenever the proper panel length is used. With long panels the 
weight of metal per linked foot found by the curves for cantilever- and 
anchor-arms is less than that found thereby for short panels. This is 
as it should be, but to a limited extent only; for it can be found by trial 
that an abnormaUy short or abnormally long panel length will give result 
too great or too small when checked by computations of weights made 
from actual designs. 

These jxTcentage curves were utilize<l in soUin^i the next problem, 
viz., given tlie total distance between centres of atu horages and rnrte 
hlandii as to the location of the main piers, to determine the length of 
each anchor-arm which will make the total wdj^ht of metal in the struc- 
ture a minimum. This length was found to be two-tentlis of the total 
distance hctwicn the anchorages. 

It must not l)e forgotten that for cn'ery dollar savt^d by reducing the 
total weight of metal through the shortening of the anchor-arm, it will 
l)c necessary to spend about twenty cents for extra concrete in the an- 
chorages. On this account, for the conditions aasumcn^l, the truly eco- 
nomic length of each anchor-ann of a three-span cantilever will generally 
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be a little greater than twenty per cent of the total dietaboe between 
centres of anchorages. 

When, however, the problem is to determme the eoonoinie length of 
anchor-arm for a fixed dietaaoe between main piers, the result will be 

quite different; because, within reasonable limits, the shcnter the anchor- 
arm the smaller will be its total woipjht of metal, and because trestle ap- 
proach is much loss expensive than anchor-arm. It would not, fur evi- 
dent reasons, he advisahle to make the lenj^h of anchor-arm le.ss than 
twenty per cent of that of the main o|)emng, or say fifteen per cent of 
total distance between centri's of anchorages. With this length there 
would prohuhly be no rever>ii)n of stress in the chords of the anchor-arm, 
even wiien impact is considered. Gent rally, thf)up:h, the apj^earance of 
the stnicture will Ite improved by using longer anchor-armb than the 
interior limit ju.st suggested. 

In resiXK't to the best pn)ix)rtionate length of anchor-spans, the latter 
weigh so much per lineal foot for all cases that the shorter they are made 
the great(T the economy; but, as before stated, it is improl)able that nav- 
igation interests would ever pcnnit of their being made shorter than one- 
half of the main op( nings. 

From the curves given in Fig. 25/ and from other data, some of which 
were on file in the author's office and some of which were prepared ea- 
pedally for the purpose, were plotted the curves of weif^ts of cantilever 
bridges given in Figs. 65666 to 55mmfit inclusive. Ftom these can be found 
the average weights of metal per lineal foot of span for double-track can- 
tUevcr bridges proportioned to carry certain live loads according to the 
specifications of Chapter LXXVIII. These weights were determined for 
the average of the total length of structure, and will not api)ly to any 
particular span of the layout. The pro^xirtions of span Icngtlis assumed 
were as follows: 

If I is the length of the main opening that is covered by one sus|X'nded 
span and two caiililever-arms, the length of the suspended sjKin is three- 
eiglitlis (3 v() of /, and that of each caul i lever-arm and of each anchor-arm 
is five sixteenths (^jq) of I. If there 1h» an anchor-span in the structure, 
its hnigth is assumed to be fivcM'ighths (J^ 0 of /. These proiwrtions are 
fairly economic and may be found suit;d)le for any particular crossing; 
but, if not, any small variation from them will cause no serious error 
in the weights of metal given l\v the diagrams. 

As shown by the sketches in 1" ig. oikuia, there are four jxjssible layouts 
of spans for crossings where cantilever construction is adopted. The first 
is the one ordinarily employed. It consistfi of one central opening having 
a suspended span and two cantilever-arms, and two anchor-arms. The 
second consists of an anchor-aim, a cantilever-arm, a suspended span, 
another cantilever-arm, an anchor-span, another cantilever-arm, another 
suspended span, another cantilever-arm, and another anchor-arm; and 
for very wide crossingB it can be lengthened by the addition of sections 
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composed of one suspended sjmn, two cantilever-arms, and an anchor- 
Bpan, thus giving such a layout as that used for the Poughkeepsie J^ridge 
(Fig. 26y). The third consists of a simple span resting on a pier at one rad 
and suspended at the other, a cantilever-arm, an anchor-span, another 
cantUever-ano, and another simple spaa suspended at one end and sup- 
ported by a pier at the other; and for long structures it can be extended 
by the addition of sections composed of one suspended span, two cantilever- « 
arms, and an anchor-span, thus giving an arrangement such as was used 
for the Thebes Bridge (Fig. 25s), The fourth is a Gomlnnation of the other 
^rpoB, and consists of a simple span resting on a iner at one end and sus- 
pended at the otheTi a cantilever-ann, an anchoiHspan, another cantilever- 
ann, a suspended span, another cantileyer-cam, and an anchor-arm. These 
are all the possible legitimate layouts for any wholly cantilevmd bridge. 
Of course, it is practicable to omit the suspended spans and connect to each 
other In a vertical direction, but not horiiontally, the meeting ends of 
the cantilever arms; but such construction is unscientific, uneconomic, 
and exceedingly faulty, in that the stfesses are rendered indeteimmate 
except by making assumptions which are only approximately correct. 
Besides, the work involved in finding such stresses is complicated and 
excessive. 

The Blackw(»irs Island Bridge over the Ejist River at New York 
City, shown in Fig. 25/, is of this type; and after completion it was deemed 
so unsatisfactory that the authorities had the stresses refigured at enor- 
mous {'xpense by independent computers, with the result that the over- 
stresses were found to be so gn at uiuc to both ambiguity of stress distri- 
bution and overrun of dead load) that somo of the roadways harl to be 
omitted. A New York engineer conni'ctcd w ith the bridge once remarked 
that the structure is so complicated that, if a man were to stand at the 
first panel point of the farthest span and were to ^it into the river, his 
ddng so would affect the stress in ever>^ main truss member of every 
span in the entire structure — and the statement is actually correct. The 
layout of this bridge is what may be termed a constructive lie. The top 
chonls of the kmg Cfpans were made into a contmuous curve to resemble 
the cables of a suspension bridge, the object being sesthetics; but the at- 
tempt thus to beautify the structure was a failure, and the damage done 
to the bridge by the omission of the suspended span is measured by millions 
of doUais. This is a good illustration of the ill effects of violating Principle 
Na 1 of "The First Frindples of Deagning," given in Chapter XV, vis., 
"Slnq>licity is one of the highest attributes of good designing." No more 
effective example of its oorreotness than this struotuve affofda could be 
desired. 

Figs. 55666 to 55mmm, inclusive, give curves of weights of metal for 
bridges of Types A, B, C, and D. When additional portions are added 
to Types B or D, the weight per lineal foot of these added sections will 
be ten per cent greater than tliat given by the curves of Type C. When 
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additioiwii j)ortions are atlded to Type (\ (ho weight {ht lineal foot of 
these addeti sections will also be trn ]ht cent j^reuter than that for a Type C 
bridge; and if there be n such portions added, the average weight of the 

entire bridge per lineal foot will be equal to that given by the curves for 

n 

Type C, multiplied by the quantity 1 + 0.1 _^ ^ 

Each of the four iy-pcB has characteristic f( uttiros which adapt them to 
certain locations. They will now be disousseii in detail. 

Type A is best suited for a location at which a veiy long central spaa 
is required, while the side spans can be very short. As compared with 
s aimi^e-flpaii structure having the same central opening, and side spans 
of the same length as the anchor-arms, it will be found that the weights 
of metal in the two kiyouts will be equal when the length of the central 
span is about ox hundred feet; while if trestle approaehes can be used 
with the long simple span, the equality of weights will occur with a length 
of about seven hundred feet. The above figures are true for railway spans, 
the corresponding values for highway spans being somewhat smaller. 
If the use of falsework be impracticable, it will, of course, be advisable 
to employ the cantilever for lengths shorter than the limits just given; 
for the simple-span structure, if erected by s( nii-( antilt vering, will be 
increased in weight by scvf'ral pt r cent. Furthermore, with trestles or 
very short approach spaiLs scnii-i'antilevering is geni^rally ini{K)ssible. 
If, however, the distance between end piers is a fixed (quantity, and the 
two intermediate picTs can \)v placed where desired, 'iy]H' A will hv. found 
to require more rnt t;il than a layout composed of three simple spans of 
equal length en»ctcd on falsework, even when th(? lengths of the said 
simple spans are as great as one thousand feet. If the central simple span 
must be erected by semi-cantiievering, an equality of weights will occur 
when the lengths of the simple spans are about eight hundred feet, the 
corresponding length of the main opening of the cantilever layout being 
fifteen hundred feet. In many cases, however, tlie piers of the cantilever 
structure will be much cheaper than those of the simple-cpan bridge, on 
aooountof their being nearer to the banks of the river. For such a crossing, 
the total cost of the simple-span structure can sometimes be reduced by 
lengthening the centre span toad shortening the side spans; and the most 
economic layout for the sunple-fl(|MUii bridlse should first be found, and its 
total cost then compared with that of the cantilever structure. 

For a crossing where three spans of practically equal length can be 
employed, Type C will frequently prove economical. When the distance 
between the end piers exceeds nineteen hundred or two thousand feet, 
it will be found to require less metal than a bridge composed of three 
simple spans of equal length. It is not well adapted to crossings where 
falsework cannot he employed: and the use of the simple-span layout, 
in which the central span can !u ( a nti levered out from the side ones, is 
frequently preferable on thib account. Albo, the adoption of the three 
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duplicate spaDS will usually cause a reduction in the pound price o£ the 
metal. 

Comparing Types A and C for a croeBiDg in which the over-all length 
is fixed, but, where the intermediate piers can be placed as desired, the 
ratio of the weight of Type C to that of Type A varies from about 0^ 
for structures under two thousand feet in length to about 0.65 for structures 
three thousand feet long. 

For an unusual crossing such as that found at the Blaokwell's Island 
Bridge (Fig. 25s), in which there are two wide cfaannds separated by a 
small island, IVpe B will be found to be the best of the cantilew layouts. 
Its cost IS to be compared with that of a sunple-span structure. The span 
length at which the weights of tiie two types of structure are equal wUI 
depend upon the construction required for the central portion of the 
simple-span structure, and also upon the relative lengths of the main 
openings and anchor-span in the cantilever bridge; but ordinarily it will be 
about six or seven hundred feet. Where fiilsewoi k cannot be employed, 
the cantilever may be |)referal)le for even shorter span lengths. 

For II long cros.siajr (jver a wide river, where th(^ foundation conditions 
are uniform and the i)iers can l)e located as desired. Type ( with as many 
add( d sc»ctions as are necessarj', will be the most economic of the cantilever 
layouts. As rompared with a simple-span layout of five e(ju.*il spans 
erected on falsework, it will require less m(*tal when the .span lengths of 
the lattcT exceed six hundred feet: and if the simple spans are designed 
for erection by semi-cantilevering, this limit becomes about five hundred 
and fifty feet. The adoption of the simple-span layout will give several 
duplicate spans, which will reduce slightly the pound price of the metal- 
work. So far as erection is concerned , there is but little choice between the 
two structures; for in either layout alternate spans nnist be erected on 
falsework, while the mtervening ones can be erected wholly or partly 
by cantilevenng. 

A special case arises in such a crossing as that at Poughkeepsie (Fig. 
2By)f where the ead piers could be built much more cheaply than those 
in the stream. The layout adopted was TVpe B. Had there been used a 
Type C structure givmg five openings between the end main piers, and 
two hundred feet of approach at each end instead of the anchoracms, 
the total weight of the superstructure would have been nicreased about 
two per cent. For most croeshigs, the cost of the anchor piers in the 
layout used would have overbalanc(»d the small saving in the super- 
structure, thus making the Type C structure cheaper; but iu this instance 
the cost of the anchor piers was conipaiaiively small, and the layout 
employed is, therefore, the more economic of tlie two. A Type C structure 
giving seven ojM'nings Ix'twrcn tlu- afiehorage piers could also have Ix^^n 
used, thus effecting a reduction of alnuit five per cent in the weight of the 
sujierstructun' metal; l)ut this would have increased decidedly tlie cost 
of the piers next to the end oneb ^which would have then been located in 
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the stream instead of on the banks), and would doabtless haye more than 
offset the savvig in the superstructure metal. It is evidenti therefore, 
that in some cases T>'p<' B should be employed for long crossingB. Hie 
neoessity for providing long o()eninga next to the banks of a stream mi^t 

also require its adoption. Should such special conditions occur at one end 
only of a bridges, Typt* D would natural ly lio employed. This was done iu 
the case of tho Mem[)his Hrid^je ( I 'iy;. 2'io). 

In rogard to triLss depths for lantilevor brid^fs, the author's j)raetice 
is to make tluit for the suspended span, wht'u the chords are parallel, 
from one-fifth ot its length for short spans to on(»-seventh of its length 
for very long ones, interpolating between these limits for intennediate 
lengths. If one of the I'hords be polygonal, a gn^ater proportionate truss 
depth at mid-span and a smaller one at the ends would logieally l)e em- 
ployed. The lieight of the vertieal posts over tlu' main piers ean bs 
made about fifteen (15) jxt eerit of the length of the main opening, or not 
to exceed three and a half (3.5) times the perpendicular distance between 
central planes of trusses over the main piers. In the new design for the 
Quebec briilge these posts were made 310 feet high for the sake of app<\'ir- 
anoe, although the economic length wiis found to be only 290 feet. These 
figures coneepond to percentages of main openings of about seventeen (17) 
and sixteen (16) respectively. 

For the sake of appearance the centres of the top chord pins in oanti- 
Jever-Mns are best placed on arcs of parabolas, the vertices of which are 
kMsated at the hips of the suspended span; and the anchor-anna are laid 
out to the same curve, beghming at the tope of the posts over the main piers. 

The limiting length of main opening for cantilever bridges is treated' 
fiilly in Chapter IV. 

There are certain legitimate economies that may be employed in the 
designing of cantilever bridges, among which may be mentioned the 
following: 

A. The wind ])ressure assumed in comput iiiji the erection stresses 
may be taken lower than that given in the speciin .a ions for tin tinished 
structure, j)rovid(d that the full wind pressure would not overstres.s any 
of the metal seriously or invoKc any ri>-k of di>a.-tt'r during erection. 

. A stress of threiwiuarters of the ehtstic limit of tlie metal appluni a few 
times iluring enaction w^otild do no harm, aud tlie chance of there being 
in that lifnited time any wind pressure at all approaching hi magnitude 
that s[)ecitied is very small. This lowering of the intensity of wind pres- 
sure may be th(; means of avoiding, in a i)erft ctly legitimate manner, 
the increasing of tlie sections of a number of truss members because of 
erection stresses ; but such economizing should be done with caution after a 
thorough consideration of its greatest possible effects. 

B. A certain amount of metal can sometimes be saved by splaying 
the trusses between the main piers and the ends of the cantilever and 
anchor anns; but imless the amount thereof bo fairly large, the esctra 
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pound price of the metalwork in the cantilever* and anchor-anuB due to 
tiie said splaying may mote than offset the value oC the leduotioa. 

G. A small economy may sometimeB be accomplighed hy GmHting 
during erection from the cantilevered portion of the structure all parts that 
are not essential to its strength before the ooupllag of the cantilevered 
ends is effected, thus reducing the erection stresses a little. 

D. Solitar>' piers or large podestab under the mi^ vertical posts 
are sometnnes just as satisfactQry in every way as kmg, continuous piers, 
especially if a oonnecting wall of reinforced concrete between them be 
employed. Generally they will be found to involve a large saving in 
the cost of the substructure. 

E. In very wide cantilever bridges it might sometimes bo luh is.ihle to 
adopt intermediate trusses so as to economize materially in tho w<*ight of 
the fioor-bcams and a trifle in that of the trusses, also becaust* of the con- 
sequent reduction in dead load, but mainly so as to kee[) within rea.sonabIe 
limits the sizes and weights of the pieces to be handled and thuH economize 
on the size of the traveler and the cost of the erecting machinery. On the 
other hand, though, increasing the numlxT of trusses is likely to increase 
a little the percentage of weight of truss details; but where the sections 
of members are large this increase would be small. In case the wind 
stresses are an important factor in the proportioning of the truss mem- 
bers, the employment of an interior truss or interior trasses might, by . I 
the reduction in areas of chord sections, cause such relatively large wind 
stresses on the chords of the exterior trusses that the additional metal 
required to take care of them would offset all the saving obtained in the 
ways just men t ioned. 

F. In long-span cantilever bridges the stresses on the truss members 
that rest upon the pieis should be divided among as many such members 
as possible by ushig an inclined strut on each side as wdL as a vertical 
post instead of carrying all the loads to the top of the latter by tension 
members, as was done in the design of the ill-fated Quebec bridge. Again, 
if a lowering of the inner ends of the cantilever anna be permisslfale, the 
inclining of the end sections of the bottom chofds to the horiaontal will 
take up a portion of the load that is carried to the pier and thus will 
reduce the streasos on the vertical and inclined |x)sts assembhng there. 
This last feature k duces also the total cast of the masonry l>y dimiiiisljing 
the height of tiie main piers, and saves placing the tops of the trusscii 
at an abnormal lieight above the water. 

G. If there l"' i\ny choice between the rivetetl and the pin-connected 
types of construction for any cantilever l)ri(lge, it is generally better to 
adopt the latter, l^ecause, as cantil* ver bridges are usually employed for 
long spans only, pin-ccnnected work is the more suitid^le. Again, it Ls a 
little lighter than riveted work and therefon» the dead load on the structure 
would l)e somewhat less. On the other hand, the riveted construction 
is so much more rigid than the pin-connected tliat it is preferable to 
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adopt it irbmevei the oonditkmR permit; beaidee, in tlie riveted work it 
is not neeossary to stiffen ai^ tniBB membeis for ereetkmi althoiigh it 
might be obBgatoiy to itterease a few of their eeetional areas. 

H. V«y large compression members should be made of box section 

so as to do away with latticing. This not only efifects an improvement 
in the design, but also saves some metal, although the *^lt iails rt tiuired at 
the panel points to distribute the stresvses from the cut cover plates tend 
to offset the saving in weight of lattice bars and stay plates. 

Chapter III of Merriman and Jacoby's "Roofs and Bridges," Part IV, 
presents an exccllrnt treatment of the subject of cantilever bridges, dis- 
cussed mainly from the theoretical point of view; but it gives also some- 
thing conooming the history of cantilever bridge building and a list of 
the principal cantilever bridges of America. The professors' economic 
investigations, which are based upon chord weights only, show that for 
a three^pan cantilever of Type A, each anchor-arm should be about 
twenty-one and two tenths (21.2) per cent of the total length of struc- 
ture. This is quite a close agreement with the twenty (20) per cent 
found by the more accurate and practical investigation that was made 
for De Poniibm. The professors find, though, thirty-nine and four 
tentlis (39.4) per cent of tiie total length of structure for the ewwinmic 
length of the suspended span, corresponding to about sixty-ei|^t per 
cent of that of tlie main opening, while the Ds PonHbu$ investigation 
made it only thiriynseven and a half (37.5) per cent. Actual experience 
has repeatedly shown that the economic length of the suspended span 
is from three-d|^ths to one half (H) of the main opening, hence 
the professors' figures for this portion of thdr work have the appearance 
of being incorrect; but Prof. Merriman has explained to the author by 
letter that he assumed the truss depth to be the same throughout the 
entire structure. This assumption, combined with that of ignoring the 
effect of the weight of the web, will arcount for the large discrepancy; 
because the professors' niatheniatics liave been checked and found to be 
faultless. As a matter of fact, though, no American engineer would 
think for an instant of making the truss tlepth constant throughout the 
structure, because for eronomic reasons it should generally be about twice 
as great over the main i)iers as in the suspended span. Funipean ( iigi- 
neers, however, often fail to make the truss depths, especially in the can- 
tilever- and anchor-arms, great enough for economy. 

The professors make also from their economic investigations the fol- 
lowing deduction: "The cantilever system hence has no theoretic economy 
over simple trusses when the piers can be located in any position; more- 
over, when the influence of the alternating stresses in the anchor-ann 
and the material required for anchor rods are taken uito account, it is 
at a marked disadvantage.'' As has been shown previously in this chapter, 
this statement is true for T^fpe A, which is the layout employed by the 
prafesBore; but it is not correct in general. The profeesoro show also by 
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their theoretical computations that the greatest deflection of a cantilever 
bridge of ordinary proportions is far more than that for a bridge of three 
equa^ spans having the same aggregate length; thus confirming the state- 
ment previously made in this chapter oonoeming the comparative rigidities 
of the two layouts eonmdered. 

The professors are right in then* surmise that ''probably the common 
threc-8pan-cantilever bridge has a lower dtgree of economy than the 
arran^( iiu nt where the simple trusses are in the end spans, as in the 
Kentucky River bridge"; for, a,s previously stattnl. Type C layout requires 
only from eighty to sixty-five i>er cent as much metal as does Type A, 
for the same total length of structure. It must l>e remembered, however, 
that, lus previously indicated, the comparison is iiardly fair to the common 
three-s}xan-( :intil( \ ; r. b(M :ui<e tlie latter provides a greater main opening 
than tliat of the alternative layout. 

Shortly after the curves for weightij of metal given in 1 ig. 25j were 
prepared, nn excellent elieck on their accuracy was obtained from the 
publi»he<l estimated weights for the longest span cantilever bridge ever 
designed, viz., 2,300 feet measured l>etween centres of main piers. It 
was prepared by the Union Bridge Company for a proposed crossing of 
the North River at New York City. 

The total weight of metal in trusses and laterals of the 720 ft. sus- 
pended span was 10,400|000 lbs. The trusses, which were of the Petit 
type, were divided into m main paneb of 120 ft. each; consequently the 
panel weight was 10,400,000 -^ 6 = 1,733,000 lbs. In the cantilever-arm 
there were six and five^ighths main panels; consequently the weight of 
trusses and laterals therefor would be 

1.20 W + 1.40 VV H- 1.63 W -f 2.00 W + 2. U) W + 3.00 W + 5^ X 

3.60 W " 13.90 W » 24,090,000 lbs. 

Each anchor-arm was 840 ft. long and was divided into seven double 

panels, and there were seven and five-<'ighths loads to be considered; con* 
secjiKMitly the weight of trusses and laterals therefor would be 

0.76 W + 1.75 W + 2.10 »F + 2.50 TT + 3.00 + 3.75 W + 4.76 W + 

. % X 6.75 W = 22.19 W = 38,455,000 lbs. 

This weight must 1k' rechiced owing to the fact that the length of the 
cantilever-arm is only six-scveutlis ui tliat of the auchor-arm, mRking 
r = 0.857. 

r = lil + r)^ ^^i^^?^ (1.857) = 35,705,000 lbs. 

The tot!d we ight by the curves for the two cantilever- and anchor- 
arm.s i.s, therefore, 

2 (24,090,000 + 36,705,000) = 119,590,000 lbs. 

The total weight of metal given in tiie published estimate for trusses 
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and laterals for the two cantilever- and anchor-anoB, after deducting 
11,500,000 Ibe. for weight of metal in the anchorages and ignoring the 
allowance for sundries (which was properly put in for prudential reasons) 
was 119,700,000 lbs., making the difference 110,000 lbs., or about one- 
tenth of one per cent. 

About the same time as these data concerning the North River Bridge 
were pubhshed, the author, in making the calculations for his preliminary 
study of the Quebec crassing of tlie St. Lawrence River, o})tain(Hi a par- 
tial check on the curves of Fig. 25/. for he computed in detail the weights 
of metal in tin* suspended span and the cantilever-arm, estimating the 
remaining wciglits from the curves. The error found for the cantilever- 
arm curve was only one eighth of one \wr cent. 

In the design prepiircd some years ago by the author for a cantilever 
bridge with a main opening of 1,830 feet for a proposed crossing of the 
^^trait of Canso between Cape Breton Island and the mainland of Nova 
Scotia, Fig. 526, another close check on the curves was obtained. 

These extremely accurate checks might lead one to believe that the 
curves are absolutely reliable for ail layouts anrl conditions; but such 
is not the case, because since they were published in De Pontibus the 
author has had occasion to make a number of tests, some of which 
varied as much as three or four per cent, but these great variations 
were caused by peculiarities in the panel lengths adopted and by 
variation in Uie type of truss between the suspended span and the 
rest of the structure. At any rate, the reader may rest assured that these 
curves and those given in Figs. 55666 to bSmrnm, inclusive, give the 
most accurate data yet published concerning the weights of cantilever 
bridges. 

Before passing to the subject of d«'tails for cantilever spans, some 
observations will b(' made concerning; a ihiiiOxt of the largest and most 
im|M)rtant cantilever bridges yet built, arranged in the order of the relative 
lengths of their main o]>enings. 

The longest span cantilever brideje which has ever been attemjited 
is the one acro.ss the St. Lawrence River at Quebec, wliich failed a few 
years ago, and which is now being rebuilt on a ditferent layout, a& described 
later in this chapter, and from much Ijctter specifications. 

The largest cantilever l)ridge yet built is the one at Quecnsferry over 
the Firth of Forth (Fig. 25A), the main portion of which consists of two 
spans of 1,710 feet each, with central spans of 350 ft. each and two an- 
chor-arms of 690 ft. each. The length of the tower-span over the centre 
piers is 200 ft., and that of each of the two other tower-spans is 145 ft., 
making' the total length of the main structure 5,330 ft. The design lor 
this bridge and a complete history of its construction are given in a special 
work published by Engineering (London). 

The exceptions which the author would take to this design are as 
follows: 
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First. The suspended Gfpans arc just about one half as long as thflgr 
oui^t to be for both appeanmoe and economy. 

Second. The structure should have been made pin-oooneoted for both 
ease of erection and certainty of stress distribution. 

Third. A smgle system of canoeUation for the webs of the giiden 
would have been more scientific than the double system adopted, and 
would not have been any more expensive. 

Fourth. The structure, as a whole, from the point of view of Amari- 
caa engineers, was unnecessarily expensive. 

On the otiier hand, though, the labor involved in both the designing 
and building of this bridge was immense; and the successful completion 
of the structure is a great credit to all concerned in its designing and 
construction. 

Th(» cantilever bridge liaving the next longest span is the Blackwell's 
Island Bridge (Fig. 250 over the East River in New York City. Starting 
at the west end, the spans are as follows: an anchor arm of 470 ft., a span 
of two cantilever -arms without a suspended span, giving an opening of l,lb2 
feet, an anchor span of 630 ft., a span of two cantilever-arms without a 
suspended span, giving an opening of 984 ft., and an anchor-arm of 459 
ft., making a total length of bridge proper of 3,725 ft. This structure has 
been mentioned before in this chapter and has been criticized for the false- 
ness of its lines and for the folly of omitting the suspended spans from 
the main openings, thus complicating almost beyond comprehension the 
computation of stresses in the trusses. It was bad policy to carry aU 
the load by tension members to the top of the vertical poet over each 
pier instead of using inclined struts and thus dividing the load between 
three compression members. The dead loads in this structure were un- 
der-estimated to such an extent that serious overstresses eodst in the trusses. 
So large were they that, as before stated, it was decided to reduce the 
total load by not putting in some of the roadways which the bridge was 
originally intended to carry. 

The cantilever bridge with the next longest main opening is the Landa> 
downe Bridge (Fig. 25m) over the Indus River at Suldair, India. It con- 
sists of a single span of 820 feet without anchor-arms (the latter being 
replaced by guys). It has a .su.spended spun of 200 feet. The appear- 
ance of this bridge is bizarre in the extreme, antl the structure is eeouoniic 
in neither weight of material nor cost of sliopwork. Conii)aretl with an 
American bridge of the same span, capacity, and strength, the weights 
of metal in the S20 foot span, only, would be about in the ratio of 1.33 
to unity. 

Next on the list comes the Monongahela River Bridge (Fig. 25«) of 
the Wabash Railroad at Pittsburg, Pa., with its main opening of 812 feet 
and two anchor-arms of 346 feet each, making a total length of 1,504 feet 
l)etween centres of anchorages. Thus is a double-track railway structure 
and is built to carry heavy live loads. The layout is of pleasing appnt' 
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an CO. The top chords of the su^)endcd span are horizontal and those 
of the cantilever-arms and anchor-arms are polygonal, the apices being 
located on sightly curves. The main vertical posts are double with 
short, horizontal atrutSi but no diagonals, between their component parts. 
The length id the suspended spaa is 300 feet or about forty<four (44) per 
cent of the total main opening, which is quite eoQnomi(»l. The ratio 
of length of anchor-arm to total length of structure is 0.23, ^rtiieh 
is but little greater than the truly economic length. The distanee be- 
tween central planes of trusses is thirty-two (32) feet or about one 
twenty-fifth (1/25) of the span. The tower depth is one hundred 
and twenty-siz and s half (I2dli) feet, or between fifteen (15) and 
sixteen (16) per cent of the length of the main opening. This bridge 
was designed by Messrs. Boiler and Hodge, Consulting Engineers, of 
New York City. 

The cantilevor ha\nng tin next longest 8]);m, viz., 700 feet, is the old 
railwaj"^ hridjjp at Mcmpliis over the Mississippi Hivor. This stnicture is 
both unsightly aiul uneconomical of mat<Tiiil. Its layout of spans is un- 
fortunate (but the War Department, and not the designer, is resjwnsible 
for this), and th<' triixs depths are far too >ma.\\ for both economy and 
apiwarance (see Fig. 23o). For the latter fault, however, the War Depart- 
ment cannot be l)lam(Hl. The validity of this criticism is evidenced by the 
fact that the truss depth of the new bridge (see Fig. 2oo) is a httle over 
ten feet greater tlian that of the old structure, wiiile the principal spna. 
lengths remain the same. 

The bridge with the next longest opening is the one aeros.s the Ohio 
River at Beaver, Pa., on the line of the Pittsburg and Lake £rie Railroad. 
It has two anchor-arms of 320 feet each, two cantilever-arms of 2i2 feet 
each, and a suspended span of 285 feet, making the discaooe from coitre 
to centre of main piers 760 feet. It was designed by Albert Lucius, Esq., 
Ck>nsulting Engineer, and was built by the McClintio-Marshall Omstruo- 
tion Company under the direction of Paul L. Wolfel, Esq., Chief Engineer. 
As can be seen from Fig. 25p, the appearance of the structure is most 
osthetic* 

Next comes the Sewickl^ Bridge across the Ohio lUver. It ooDsiBts 
of two aEnchor-arms of 300 feet each, two cantUever-arms of 200 feet each, 

and a su.sfxmded span of 350 feet, making tlie main opening 750 feet. 
It is a highway structure and one of the longest of that class in the can- 
tilever type that has yet been constructed. As can be seen from Fit: 
25(/, its outline is pleasing and its layout is almost perfectly svinmetrica; 
about the central vortical transverse plane. The spun lengths, panel 
lengths, and truss (lei)liis adojjted show that economy as well as apix'ar- 
ance was studied wlien the layout was prep;ired. It apjjears that then> 
were three engineers responsible for the design. \ iz., A. G. Chalfant, 
County Engineer of Allegheny County, CI. (ludmundsson, Esq., Can- 
suiting Engineer, and A. W. Buei, Esq., Consulting Engineer. 
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Next in order is the Ohio l^ivor bridge at Mingo Junction (Fig. 'ior) 
designed and engineered l>y Messrs. Boiler and Hodge for the Wabash 
Railroad Company. It is laid out on similar lines to those of their Mo- 
nongahela River bridge and preaeats the same graceful appearance. Its 
central opening is 700 feet. 

The next on the list is the Thebes bridge (Fig. 269) over the Miaais- 
sippi River. Beginning at the west end» the openings are as foUows: a 
simple sjpsok and a cantilever-ann aggregating 618 feet, an anchor-span 
of S21 feety a main opening of two eantilever-arma and a suqiended span 
aggregating 671 feet, an anchor apan of 621 feet, and a cantilever-aim 
and simple span aggregating 618 feet, in all about 2,760 feet Hie vp- 
proaches are of concrete arches. The bridge proper is perfectly sym- 
metrical about its middle pcnnt, but the approaches differ somewhat in 
both total length and arch openings. The qrmmetry, of course, is pkaa- 
ing, but the structure as a whole is too squat for fine appearance. As 
before stated in this chapter, the appearance could have been much 
improved by putting in five simple spans, all but the middle one being 
alike, and that being in outline simply an enlargement of the others. The 
engineers were Halph Modjeski, Esq., of Chicago, and Alfred Noble, 
Esq., of New York City. 

Next in size is a bridge over the Rhine at Ruhrort, Germany (Fig. 2.50. 
It consists of a simple .span of 221 feet and a cantilever-arm of 53 feet 
forming one opening, an anchor-span of 421 feet, two cantilever- arms of 
112 feet each and a susjx'nded span of 443 feet fonning a main opening 
of 667 feet, [in anchor-span of 3f)0 feet, and a caul ilcx i r arm of 53 feet 
and a simple span forming an opening of 239 feet, making the total length 
of structure 2,053 feet. There are no approaches. The outlines of the 
bridge are fairly good, but the truss depths throughout are far too small 
for both economy of metal and appearance. The towers are only 82 
feet high, and the truss depths are less than one-tenth of the epan lengths. 
The shore spans have pony trusses, but all other spans have throu|^ 
trusses. It is a highway structure thirtynnx (86) feet wide between 
central pkmes of trusses and fifty-two and a half (52.5) feet wide from 
out to out. 

Next comes the Red Rock Bridge (FSg. 25u) over the Golotado Rmr 
on the Atlantic and Pacific Railway, now a branch of the Santa Fe Stya- 
tem. It was designed some twentyHseven years ago by the author, and 
it has hitdy been remodeUed, because the live loads that are liable to 
' come on it are about seventy-five per cent greater than those for which 
it was figured. It consisted originally of a main span of 660 feet and 
two anchor-arms of 165 feet each, the length of the suspended span being 
330 feet. The width between central planes of trusses is 2.3 Icet, and the 
truss depth varies from 55 feet for the suspended span to 101 feet for 
the vertical posts over the main piers. The l)ridge was desigiKnl to meet 
certain conditions, economy in first cost being the prime requisite; coa- 
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sequently the subject of sBsthetacs did not receive isreat ooiindefatioiL 
Enfl^neers and architects difFer fundamentaUy in thdr opinions oonoenn 
ing tiie architectural effect in this structure. Some appKnre its appear- 
ance; others characterize it as harsh in its outlines. The relations be- 
tween lengtlia of suspended span, cantilever-arms, and anchor-arms, and 
the matters of width and dopth, although very hurriedly dctorminiNl, have 
since been found U) be just about tlie best practicable. This bridge is 
described very fully in the Transacli&ns of the American Society of Civil 
Engineers for 1891. 

The next in order is the Marietta bridge (Fig. 2ov) over the Ohio 
River. It is a higinvay stnicturc on, a steep grade, and is irregular in 
its hiyout of spans. Its apixsirancc is far from ])leasing. There Ls one 
opening of 051) feet (•()vere<l by a suj^pondcd span of 270 feet and two 
cantilever-arms (one of 80 feet and the other of 300 feet) , also one anchor- 
arm of 130 feet and another of 600 feet. BesideB, there are two simple 
spans of 220 feet each. 

Next there comes the Cernavoda Bridge (Fi^. 25 ;r) over the Danube 
in Rouinnnia. It consists o£ a simple span of 295 feet and a cantilever- 
arm of 1(H feet forming an opening of 459 feet» an anchor-span of 459 
feet> two cantilevep-arms of 164 feet each and a suspended-span of 295 
feet forming the main opening of 623 feet, an anchor-span of 459 feet» 
and a cantiiever-ann of 164 feet with a simi^ span of 295 feet forming 
an opening of 459 feet The trusses are of the double intersection tri- 
angular type, and the towers are accentuated by the adoption of a liberal 
heii^t. ^though the bridge may seem odd to the trained eyes of Ameri- 
can engmeers, its appearance is not altogether unpkivsmg, because the 
perfect eymmetiy cl its entire layout is quite striking, as is shown in 
the cut. 

Next is the Inter-provhicial bridge (Fig. 25:r) over the Ottawa River 
at Ottawa, Caua(.la. It consists of one anehor-arni of 247 feet, one main 
span of 550 fe<»t, one anchur-arm of 247 f<*et, one simple span of 247 feet, 
and another simple span of 140 fwt. Barring the irregularity of the 
Quel)ec approach, the layout is rather pleasing. The susjKiuled span is 
30'.) feet long, which is too great for econom3% and the main vertical post.s 
are IMj teet long. The bridge carries wagon, street-railway, and pedestrian 
trathe. 

The next on the list is the Poughkeepsie Bridge (Fig. 25y), a deck 
structure, which, besich^s the short approach spans, consists of a 201 foot 
anchor-arm, two cantilever-arms and a suspended span aggregating 548 
feet, an anchor-span of 525 feet, two cantilever-arms and a suspended 
span aggregating .'iKi feet, an anchor^pan of 525 feet, a cantilever^tan 
like the last described, and an anchor-span like the one first mentioned. 
The masoniy of each pier extends a few feet above extieme high water, 
and upon it is built a narrow steel braced tower with vertical le0L Ab 
before stated in this chapter, all these spans should have been simple 
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oneB and of the same length. The resulting straoture would then have 
been far more rigid and the weight of metfd required would have been 
a Httle reduced. The sted towers, while posdbly lees expensive than 

masoiir>' ones, compress much more under Kve load, and, consequently, 
are not as satisfactor>'. This bridge was built at a time when, on accuunt 
of their novelty, cantilever bridges were quite popular, and wlu-n there 
was a prevalent impression in the public mind that they possessed some 
inherent virtues which rendered them superior to ordinary' structures. 

Next in order comes the Yellow River i)ridge near Tsinanfu on the line 
of the Tientsin-Pukow Railway in China. The design is the work of 
German engineers; and it shows their earmarks, for the trusses are of 
the sulvdivided Warren tyjie and their depths are abnormally ^mall. 
The cantilever jwrtion of the structure coni^Lsts Of two anchor-arms of 
420 feet each, two cantilever- arms of 90 feet each, and i\ suspended span 
of 360 feet, making the length of the latter two-thirds of the main open- 
ing. It is claimed tiiat this proportion "approximates to the propor- 
tion of greatest economy, and yet does not give an excessive length of 
suspended span." If the statement is correct (which the author thinks 
it is not), it is due to the fact that the truss depths over piers are far too 
small for economy. If they were increased, the total weight of metal 
would be lessened, and, consequently, it would be economic to lengthen 
the cantilever-arms. To the American engineer's eye the structure is too 
squat for esthetics, as can be seen from Fig. 25«. The bridge is in- 
tended to carry ultimately two standard gauge raOway tracks, but at 
present only one is laid, being placed in the middle with a footwalk on 
each side. The trusses are proportioned for only one track, and, when 
the other track is required, duplicate trusses are to be added outside of 
the present ones, suitably connected to the old trusses. As this method 
of }>roviding for future double-tracking was evolved and patented by the 
author a dozen years ago in the United States and Canada, he feels that 
morally he has a mortgage on the Chinese structure; but, unfortunately, 
he did not adopt the precaution of taking out his patent in China. 

Next in size comes the Long Lake Highway Rr itljre in Hamilton County, 
N. Y., with its si)an of 525 feet between centres of tower posts, the canti- 
lever-jirms and the susi)ended span all being of the same length, 175 feet. 
This bridge is of unusual design, for there are no anchor-arms, backstays 
running back to anchorages being used instead. The bridge is a very 
light hif^hway structure built as cheaply as pocaible. The width between 
central planes of trusses in the suspended span is 16 feet, and at towers 
24 feet. The suspended span was built and floated into position upon 
a raft made of kerosene oil barrels. It weighed only forty tons. The 
cost <tf erecting the metalwork of this bridge was only $15 a ton. 

Next comes the Connel Ferry bridge (Fig. 25ao) which carries the 
CaUender and Oban Railway across Loch Etive, Scotland. To Ameri- 
can eyes this bridge has a peculiar appearance. Its effect is striking, and 
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the perfect <J>Tnmrtn' of the structure is gratifying;; hut its lines are too 
severe for beauty, and the economics of the design are worse than ques- 
tionable. The design of the motalwork is of an unusual character. 
There are no vertical posts over the main piers, but insteati there are 
large battered triangles with their apiced projecting some fifty-lour (54) 
feet beyond the centres of bearing and supporting the span by a hinged- 
joint. This makes the length of each anchoMrm about 159 feet, that of * 
each cantilever-arm 146 feet, and that of the suspended span 232 feet. 
The splaying of the triangles, which was really unnecessary for stability, 
caused an extravagant use of masonry for the piers. 

The next is the Cincinnati and Newport Highway bridge (Fig. 2566) 
over the Ohio River. Besides the simple span in the approaches it con- 
tains two anchor-arms of 252 feet each and a main cantOever span of 




Fio. 25aa. Connd's Feny Bridge Canying the CaUender and Oban Railway aerooB 

Loch Etive, Scotland. 



520 feet, the length of the suspended portion being 206 feet, which is 
almost the economic length. The outlines of the cantilever portion of 
the structure are quite good, but the lack of symmetry, in the approaches 
detracts from the general appearance. 

Finally on the list comes the Tyrone bridge (Fig. 25ce) over the Ken- 
tucky River on the fine of the Southern Railway. It consists of two 
steel trestle approaches and a three-span cantilever having a main ofx^n- 
ing of 520 feet and anchor-amis uf 208 feet each, besides two tower spans 
of about thirty feet each. The stnioture is quite symmetrical, but the 
trussing adopted is unusual and somewhat misigiitly because of its ir- 
regularity. 

Fig. 25dd shows a view (>{ the new Quelxc l)ri(ln;f in(»\v under con- 
struction) designed by the engineers of the St. Lawrence Bridge Company, 
an organization founded solely for the building of this structure and com- 
posetl of the Dominion Bridge Company of Mt)ntreal and the Canadian 
Bridge Company of Walkervnlle, Canada. The length of each anchor- 
arm is 516 feet, that of each cantilever-arm 580 feet, and that of the sus- 
pended span (>40 feet, making the total length of main opening IHOO 
feet. While the layout of structure can scarcely be termed SBsthetic, 
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its very maasiveDess and simplicity give it a rather pleasing appearance. 
As it is a oontractor's design, its layout certainly ought to be economical; 
and it is well known that much study was devoted to it. The length ot 
the flUBpended span is 24% of the main opening, 
which 18 in dose accord with the economic per- 
oentage (38) determined by the author in 1^. 

There are a number of new features of impor- 
tance in this deogn, among wluch may be men- 
tioned the floating of the suspended span into 
position, the K system of truss canceUati<m, the 
hinging of floor-beams at ends for ithe purpose 
of obtaining exactly central loading of the trusses 
and, cons(^qvi(Mitly, the avoiflance of secondary 
stresses from the connection, lull splices for all 
eoriipre-s-^ioii members, the oinis.^ion of lateral 
bracing in top-chord planes and the coiist^qiient 
forcing of tlie wind stresses to the lower lateral 
system, unprecedented ly hxrfio main pedestals, 
the ba!iking of eye-bars in top chords,* the truss- 
ing of the eye-bars to uphold their weight hctwi-en 
supporting points, the connection of web mem- 
bers by pins on gravity lines but eccentric to 
the panel-pointH, and the use of double floor- 
beams to connect to the main vertical posts. 

The advantages claimed for the K truss by 
the designers of the new Quebec bridge are as 
follows: 

a. Safety to life and property during erec- 
tion, as well as eccnunny and rapidify in con- 
struction. * 

5. Minimum number of secondary members, 
and few, if any, temporary members during 
erection. 

e. Hie division ci web stresses, thus reducing 
the sections of the web members to more practi- 
cal dimensions and simphfying the details. 

d. Kconorny of material. 

€. Improved appearance. 

/. Uniform deflection, reducing the secondary 
stresses. 

The preceding examples, as far as the author 

• This detail of oonstructum was first employed by the 
kte Joeeph Tomlineon, Esq., O.E., a noted dukadiaa en- 
gineer, in a design for this seme croasing made onme two 
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knows, cover all cases of cantilever bridges having central openings in 
excess of five hundred feet. According to Merriman and Jacoby there 
were in 1907 at least forty other cantilever bridges of all kinds in 
America. Some oC these are undoubtedly of historic interest; for in* 
stanoei C. Sbaler Smith's Kentucky River bridgei C. C. Schneider's 
Niagara River bridge, and others may have individual peculiarities 
worthy of mention, but the already excessive length of this chapter and 
the general space lunit of the book prevent their receiving consideration. 

The boldest bridge deogn ever made is undoubtedly that of Charles 
Evan Fowler, Esq.^ O. E., the well-known engineer^uthor, for a cross- 
ing of San Francisco Harbor. It was prepared in 1914, and has only 
lately been issueil in booklet form. The proposed bridge starts at Tele- 
graph Hill ill San Francisco, and runs to Goat Island, which it cros.ses, 
and then passes over to Oakland. It is to provide for two steam-railway 
tracks, two electric-railway tracks, and two twenty-foot driveways; ami 
the estimate<l cost of the enterprise is $75,000,000. The most interest- 
ing part of the ])roject, of course, is the structure from Telegraph Hill to 
Goat Island, jis that is the portion involving the deej>est water and the 
most difficult foundations. There are five openings in this length, the 
three intermediate ones being all alike and the two end ones being the 
same as the others, except that one cantilever-arm in each is omitted, 
as the outer suspended spans of the structure are to rest on the shore 
piers. Each of the three main openings is covered by a 700-foot sus- 
pended span and two 650-foot cantilever-arms, making the total length 
thereof 2,000 feet. Each of the four towers has a length of 250 feet, 
which makes the total length of structure 9,700 feet. The clear height 
for about one lialf of each opening is 150 feet, the bottom chords of the 
cantilever-arms being curved downwards to within a few feet of extreme 
high water. The truss depth at the end of the cantilever-arms is 75 
feet, and that at the centre of the suspended span* is 135 feet, while the 
towers will have the great lu ight of 450 feet from centre to centre of 
chords, or a total height, including the 50-foot finials, of 600 feet. To 
provi(l<' for lateral stability, while the clear space between the trui>i>ea of 
the suspended spans is (35 fe(»t, that at the towers is 120 feet. 

There will Ik- four solitary piers for each tower, each pier being the 
frustum of a cone, sjiread in ortler to obtain the requisite Ix'aring resis- 
tance. Some of these piers could be sunk by the pneumatic process, 
but others would have to be put down by open-dredging, the greatest 
depth of foundation below water level being, probably, as much as two 
hundred feet. 

Fig. 2r>fe shows a map of the main crossing, an outline elevation, and 
plan of the proposed structure, and a profile of the eastern approach; 
and Fig. 25ff presents on a larger scale a side elevation and a cros^-section 
of the structure near one of the towers. The cuts for these two draw- 
ings and that for Fig. 2&kk were obtained through the oourteey of Mr. 
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Fowiw, bong etoctrotypes of those which he used in preparing his book- 
let entitled ''San Franclsoo-Oakland Cantilever Bridge.'' The general 
lines of the design are truly graceful; and there is nothing impracticable ' 
in the proposed constructioni unless it be the raising of the monfiy to 
build it. 

Some five srears ago the author was requested to make an estimate 
of cost for a bridge at this crossmg to carry either a douUe-ttack e]ee> 
trie railway alone, or that and a wagonway, the only datum furnished him 

being a Government chart. His estimates were about $9,000,000 and ' 
$12,000,000; but the greatest span lengths assumed were not more ■ 
than half of those in Mr. Fowler's design, which, t)f course, are not the | 
economic ones for the comhtions, but are those whi( li he must have ' 
deemed would be retjuired by the War Department, and possibly also by 
the City of San Francisco. The author had an idea that spans of one j 
thousand (l,0OUj feet and less would be j)ermitted; and certainly, there 
is no teliinp; wliat tlie United States Government would require until a 
layout is ofi^ciaiiy submitted to its engiueers with a formal request lor | 
approval. 

Mr. Fgwler deserves great credit for his SBSthetic study of the project; | 
but, if he has any hope of ever seeing it consummated, it would be well 
for him to reduce his loading to one of the two adopted by the author, I 
and let the steam railway trains enter the city by going around the Bay. 
The city assuredly needs the bridge for the bendit of the people of Oak- 
land, Berkel^, and the other near-by residoice towns and districts; and 
there is enough of that class of business today to pay for operation, main- 
tenance, and interest on ten millions of dollars, so that the electric rail- 
way bridge would probably be a good business venture; but it is more I 
than doubtful whether the wagon and automobile traffic would pay for 
the up-keep of the required roadway — and certainly it would not be 
great enou^ to provide also the interest on the additional cost of coih 
struction that it would involve. 

The author's estimate may be entirely wrong; for the War Depart- 
ment might insist on the adoption of much longer spans than those he ' 
assumed. Tliis question of minimum span-length is a most im])ort;int ^ 
one in determining the cost; and its settlement on a reasonable basis might 
permit some kind of a bridge to be built across the harbor in the near 
future. The lighter structure would not need more than four or five 
years to build, while Mr. Fowler estimated on 1«'n for his heavy one. 

The detailing of cantilever britiges dilTers essentially from that of 
simple span structures in only the five following connections: j 

! 

1. Attachment of suspfndod span to cantilever-arm. 

2. IVanamiaaioii of wind load from suspended span to eantilevar«nn* 

3. Support of tower oo1uidi» on main pien. 

4. Attaohmwit of anehor-arm to andior ban and to anchor pien. 
6. Attaehment of aaofaor ban to andiofage maaoniy. 
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Each of these details will be dificusaed in the order named. 

The ordinary method of attaching the suspended span to the canti- 
lever-arms is by means of longi vertical hangers reaching from the pin 
at the end panel-point of the top chord of the cantilever-arm to the end 
pin of the bottom chord of the suspended span. These hangers should be 
rather narrow, thick ^e-bars and not buUt members, because of the 
tendency to bmd them in case that they fail to rotate on the pins under 
the effects of changes in temperature and loading. If the bearings were 
kept well lubricatetl, the hinge might he effective; but if the joint binds 
hard, the hanger will bend, and hence it should be proportioned to resist 
the combined tension and l)eiuling. As an eye-bar can bend much more 
readily than a rigid member, it is preferable; and as the narrower the 
bar the more easily it will spring, it is advisable in most cases to make 
the section narrow. 

Some three years ago when the Dominion Bridge Company first con- 
templated floating into position the suspended span of the new Quebec 
Bridge, the author, recognizing the necessity for making the connection 
quickly so as to avoid as much as possible the element of danger from 
heavy wind, evolved a detail that would permit of the complete attach- 
ment ()f the span within ten minutes after its arrival at the site. He sent 
the said detail with his compliments to his old friend, Phelps Johnson, 
Esq., C.E., the president of the Dominion Bridge C!ompany, asking 
merely that he be given credit for its evolution. Since then he has found 
occask>n to adopt it for his prqMsed bridge over the entrance channel 
to Havana Harbor, but in that case the hangers are short and wide, hence 
the joints will have to be kept properly lubricated. 

Fig. 25gg illustrates the detail sent to the Dominion Bridge Company. 
Its essential characteristic b the enlarging of one half d the pin hole, and 
elongating it also, in each of the two pieces that are to be connected, so 
that if the span be floated in at a little higher elevation than the final 
one, the enlarged {Xirtions of the holes in the pieces can be brought op- 
posite each other, and the piu can be {)ushed tiirough In* electrical power 
i\nthout touching the eyes, then by letting water quickly into the barges 
the span can be dropped so that the pin will come to a be aring on the 
tightly fitting portion of each of the holes. The open space left in the 
other half of the pin hole (';in do no harm, provided, of course, that the 
metal there be always kept properly painted. 

An effective connection of the suspended span to the cantilever-arm 
so as to transmit the wind load is not an easy one to design. Fig. 2dhh 
shows the method that the author evolved for the before-mentioned 
Havana Bridge. It consists in carr^'ing the wind load on the suspended 
span from the end lower lateral strut by a special strut and inter- 
mediate bracing into the end floor-beam of the suspended span, which beam 
is made double-webbed. These webs are slotted and properly stiffened 
so as to receive loosely in a vertical direction and tightly in a horizontal 
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one a large tongue extending from the end floor-beam of the cantilever 
arm, which tongue is very rigidly and effectively attached to the double 
web of the said end flooi^beain. Tbm tongue eaimot receive any vertical 




CANTiLL\/aiAm JimmD 2pan 




Fig. 2509. Mail of Gonnectaoa between Suspended Span and CSantilwv Aim for 

Quick EroctioQ. 

load, but it will tuke the wind load from the end floor-beam of the sus- 
pended span to the end floor-beam of the cantilever arm without causing 
any unduly great stress in any member or detail the bridge, and it will 
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permit of the free expaiuioii of the suspended span. Hue detail will be 

required at the expansioii end only of the suspended span ; for at the other 

end no longitudinal movement need be provided for, and a direct oon- 

nection can, therefon*, be used. 

In Fig. 45/7 is shuvvu a somewhat different detail for transferring the 
wind load from the suspeiided ^pan to the cantilever arm. It was evolved 





Flo. 2g/i/i. Detail of Cuuuectiori between Suspended Sp>aQ and Caatilever Arm for 

the l^aosmianoo of Wind Loads. 
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by Ralph Modjeeki, Esq., C.E., for the Thebes Bridge over the BlieBMsppi 

In meet cantilever bridges the columns over the main piers rest on 
ordinary pedestals, which generally are not lubricated; heno6 it is not 
at all sure that the hinge acts effectively— in fact it is pretty certain that 
it does not. Fig. 25ti shows a most efficient detaO for this conneetioD, 
prepared by Albert Lucius, Esq., consulting engineer of New York City, 
for the Beaver Bridge, which structure is described previously in this 
chapter. Its essential feature is a nest of segmental rollers in a cyUn- 
(Irical shajM'd Ijcariiig, each roller having bolted to it at each end a plate 
with toothed ends that fit into a rack on top and into the linsc casting 
below. Such detailing Jis this is a good indication of the progress that 
has been made of late years in bridge designing in the United States, and 
is a proof that bridge building can now very properly l)e termed a science. 

In the Beaver Bridge there was perfect(Ml also the method of attach- 
ing the anchor-arm to the anchor bars and to the anchor piers. This 
anchorage (see Fig. 2bjj) takes care of a reversal of stress due to the 
moving load. The device oonsists of a heavy steel casting arranged to 
cany three wedges which support a frame through which the connecting 
pin pftsses This pin is anchored to the masonry by eight heavy eye- 
bars and supports two standards or rockers which extend to the end pin 
in the lower chord. This pmnits of a horisontal motion of the anchor- 
aim, due to temperature variations^ without putting bending on the 
anchor bars. These bars were put under an initial tension by loading 
the cantilever-arm and the suspended span with a special live load in 
excess of the workmg live load. Then the wedges before mentioned were 
forced tif^t to their bearings and secured in place. The horiaontal com- 
ponent of the stress in the rockers is taken up at the k)wer pin by means 
ol jaws and a slide in the pedestal casting; and it is thus transferred 
directly to the mascmiy. 

The attachment of anchor bars to the anchorage masonry is an im- 
portant matter and requires careful detailing. The stress in the eye- 
bars must be transferred to the miusonry in such a manner that the unit 
bearing capacity of the concrete will not be exceeded. This detail was 
thoroughly worked out in case of the aforesaid Beaver Bridge. In this 
case the load on the anchor bars was transferred to a pin which was car- 
ried by an inverted shoe having a large base area ami bearing against 
the lower side of an 1 beam grillage enihedded in the niasonry of the pier. 
This grillage has sufficient !>* itnug area against the masonry so that the 
unit load is within the safe limit. 

As a last word on the special detailing of cantilever bridges, there is 
herewith reproduced in Fig. 25kk a typical cross-section of a compression 
chord member in Mr. Fowler's design for the San Francisco Harbor 
Bridge, together with the make-up of the sectional area thereof. 
Hits octagonal secticsi is stiffer than the ordinary rectangular one and 
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Fig. 25jj. Anchorage for the Beaver Bridge. 
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much better for oonnecting to than the dreular Bection empk^jred in the 
chords of the great Forth Bridge. One of its special advantages is that 
it can be fabricated in 8ecti<»is in the shop and built up into final shape 
in the field. It affords ample room for connecting the web members by 
either gusset plates or pins. The various diaphragms employed stiffen 




Fio. 2Skk, T^piflal CroaeBoetion of Compre8Bio& Chocd for Proposed Cantilever 

Bridge over Sao FnoBuno Bay. 

the section so that it is even stronger in its individual parts than as whole. 
The bending due to the great unsupported length is taken care of by the 
extra plates at the top and the bottom of the section. Painting on the 
inside b cared for by leaving man-holes in the diaphragms so that all 
parts of the metal can be reached by the paint brush. 
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•CHAPTER XXVI 

ARCH BRIDGES 

As pointed out in Chapter I, the ma.sonry arch is one of the oldest 
types of extant bridges. Its use has continued unintirruptedly through- 
out the ages until the ])r( s('nt time, but it is now rapidly being replaced 
by the reinforced concrete arch, with the imminent prospect that ere 
long it will not be employed any more. On this account and because 
the theory of its stress distril)Ution an<l the details of its construction 
have been adequately treated in a number of standard works, such as 
• those of Howei Baker, Cain,'and Burr in America, and S^joum^ and others 
in France, no attention will be paid to it in this chapter, excepting only 
to remark that the theory which locates the centre line of pressures is 
based upon assumption^ which cannot be verified, but which have been 
proved by long experience to be sufficiently accurate for all practical 
purposes. The elastic theoiy is applicable to the masonry arch as kmg 
as Uiere is no tension at any joint. For its derivation the reader is re- 
ferred to "Modem Framed Structures/' Part IL Prof. Wm. H. Burr, 
the well-known engineer-author, in the Sdeded Papers qf (he Renudaar 
Society of Engineera^ some thirty-five years ago, gave a veiy satisfactory 
demonstration of the method of locating the curve of pressures in the 
masonry arch, and Professors Caui and Howe in their w^ll-known books 
on arches treat the subject thoroughly. Nor will the reinforced concrete 
arch }3e discussed at present, as its treatm(»nt will be covereii in Chapter 
XXX\H. To devote any Mtt<'ntiun ut all to the subject of timber arches 
would involve a totjU w;i.stc of l)oth book-space anil readers' time; for 
such constructions have become soanti(iuated,and the conditions conducive 
to their adoption so rare, that no mistake will be made in terming them 
obsolete. There remain, then, only metal arches with which to deal; 
and these reduce to steel ones, as nobody to-day would think of adopting 
therefor either cast or wrought iron. 

Arches are enq>loyed very generally in Europe on account of their 
superior appearance as compared with aimpie-tniss bridges, and because 
of the powerful influence of the old masonry arch upon the minds of 
European bridge designers, regardless of the consideration of economy. 
American engineers, on the other hand, have been indifferent to the ques- 
titm of asthetics, and have preferred simple spans to arches mainly for 
reasons of simplicity and economy, but sometimes on account of thdr 
greater rigidity. Another reason why the arch has not been used much 
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in Amerioaii pnustioe is that the conditions which make it eoonoaiical 
are not met with as frequently in this countiy as in Europe. For deep j 
gDtses with rocky sides, or for shallow streams with rock bottom and i 
natural abutments, arches are eminently proper and economical. But 
when a steel bottom chord is needed to take up the thrust between springs 
ing points, all the economy of the arch vanishes. 

The advantages of the ardi are a possible economy in cost of metal 
and an aesthetic appearance, while its disadvantage's are a lack of rigidity 
and, for most tj'pes, an uncertainty concerning the stresses in the members. ' 

Arches are sometimes used for large train-sheds, in which their archi- 
tectural effect is certainly very fine, Imt they require about t\^'ice as much 
metal as do cantilevered trusses supported on colunuLs; coiis<'f|ueiitIy 
they should be adopted only when appearance in an extremely important i 
factor in the design. ! 

When bridge foundations have to be built on piles or on any otlu r 
material that is liable to slight settlement, or when the abutments could 
possibly move laterally even a mere trifle, it is not proper to adopt an 
arch superstructure; for any settlement or any motion whatsoever in 
either piers or abutments would upset the conditions assumed for the 
computations, and thus cause to be increased to an uncertain amount 
some of the stresses for which the superstructure was prop(Hrtioned. This 
criticism does not apply to the three-hinged arch, but even that type 
requires good, soiid abutments and firm foundations for piers; because^ 
while a veartkal settlement of the supports would do no harm, a hori- 
sontal displacement thereof would cause a lowering of the crown, wfakdi» 
if unchecked, would oventress the metal and eventually destaxiy the 
structure. 

Arches can be erected on falsework, by cantilevering, or by building 
vertically the two halves and lowering them by cables till they meet at 
the centre. Whichever of these methods is the eaneet and cheapest is 
the one to adopt. A very eafflly erected arch is shown in Fig. 26a. The 

pieces marked AB are temporar>;, and are to be used only during erection. 
They can be made of timber, so as to be removed readily after the arch 
is coupled at mid-span, or they niay be of steel and be left in as idle mem- 
bers, solely for the sake of appearance. It will be seen from the diagram 
that the structure is a cantilfN. r during erection, and afterward consists 
of an arch span and two simple spans. This type of bridge probably 
requires a little more metal than would an ordinar>'' arch with trestle- 
approaches, and possibly is not quite a«i rigid as the latter; but the saving 
of cost in erection will generally much more than offset these disadvantages. j 
The fact that the arch type of structure lends itself readily to ereo | 
tion by cantilevering is one of the strongest reasons for its employment 
in bridge building; because in mountainous countries there are many 
goiges to cross where erection by means of falsework would necesBitate 
excessive expense. 
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There are four eases all told, so far as the number of hinges Is eonoemed, 
tIi.: 

1. Arch without any hinges. 

2. Arcli with one hinge (at crown). 

3. Areh with two hinges (at abutments). 

4. Arch with three hinges (at crown and abutments). 

In Case No. 4 there are no temperature stresses nor indeterminate 
stresses of an}- imix)rtance, but in all of the other cases there are; jvnd 
they must ahvays receive due consideration in i^roportioning the members. 

All things considered, the autlior prefers to adopt the three-hinged 
areh lor railroad bridges, because the stresses can be determined as accu- 
rately as can those of an ordinary truss bridge, and because of the absence 
of temperature stresses; but at the same time it must be admitted that aa 




Re. 26a. Lsyoot of Ardi Spun with Aidi-like, Siiniile>tnui, Flanking Spaas. 

arch tdthout hinges is more rigid than one with hinges, and that, iheo- 
leticaUy, it is claimed by some engineers to be more economical of metaL 
In the EnginemnQ Reeord, Vol. 68, page 321, there is a valuable ar^ 
ticle by the well-known American bridge engineer, Ralph Modjeski, Esq., 
treating of steel arches. He disagrees with the author concerning the 
best type of arch for railroad bridges, preferring two hinges to three. 
However, he advocates designing such structuri's so as to have three 
hinges for the dead-load stresses and only two for the live-load stresses; 
and this, in ordinary cjises, does away with about one-half of the objection- 
able ambiguity of stress distribution in the two-hinged arch. It is ac- 
complished by putting in a hhige at the centre, preferably at mid-truss 
depth, erecting the metalwork and tlie floor so a.s to liring th(* full dead 
load on to the arches, then making the t^p and lx)ttom chords continuous 
by riveting in special sections thereof designed to carry the greatest pos- 
sible stresses from live load and impact — and in some cases also from wind 
prooou re. The resulting construction is certainly satisfactory. For high* 
way bridges, in which the assumed live loads will seldom, if ever, be 
realized, it might sometunes be best, all things considered, to arlopt the 
arch without hinges, so as to obtain the greatest possible rigidity, even 
at the expense of certainty in computing stresses. For arched train sheds, 
the two-hinged arch of crescent shape will generally be found the most 
itiflfiifltfiirYi 
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The ftaming for arches is ordinarity one of the three foUowmg types: 

1. Solid-rib. 

2. Braoed-rib. 

3. Spandrel-bracecL 

The 8olid-«b ^pe coasistd of a curved plate-gvdflr rib, canying the 
roadway on posts resting on the top or by suspenders hung from the bottom 
— usually the former. This type is illustrated in Fig. 20i. 

The braoed-rib type consists ol two porallely or nearly parallel, chords 
at some distance apart, comiected by a system of open webbing, the road- 
way being carried in either of the ways just mentioned. Fig. 26/ illus- 
trates this type with posts supported on the ;ireh. 

The spandrel-braced arch is aj)pheable only to deck structures. It 
consists of a curved bottom member, which is the main arcli rib, a hori- 
zontal top chord near the plane of the fl(x)r, and web trussing, usually 
of the Pratt type. (See Fig. 26a.) A special case of the spandrel-braced 
arch is tlie cantilever arch, an example of which is sliown in Fig. 26i. 

The trussing; of the webs of the ril)s should invariably V)e of single 
cancellation; for there is, in all conscience, already too much ambiguity 
in arch designing to warrant still further Gompliciation by the adoption 
of a multiple-intersection system. 

In respect to the question of the comparative merits of lialf-arches 
of the lenticular and the parallel curve types, as shown in Figs. 266 and 











. 1 ly 

















Ito. 26b. Thne-hinged, Lcntieular, Braced-rib Aroh. 

26c, the author once had occasion to investigate the economics of the 
matter for a 2()0-foot span, and found that the weights of metal required 
were almost exactly the same; hence he adopted the parallel curve type 
for ffisthetic reasons. 

Although arches without liin^es are quite conini«ui in Europe, there 
are very few of them in America, the most noted onrs of this type lieing 
the Oakland Bridge with its single span of 440 feet at Pittsburgh, and 
the ICads Bridge at St. Louis with its three spans, on(^ of 520 feet and two 
of 502 feet each. The longest hingeless aroh span in the world is in the 
Kaiser Wilhehn Bridge at Mungsten, Prussia, its length being 557 feet 
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between tcywer oentres. Hiis type of areh almoet i&variably i.s of pleasing 
appearance, as any one who has had the opportunity to view the Eads 

Bridge readily testify. Its objectionable features are the unavoid- 
able ambij^uity of stress distribution, the hl^h liiiipcralurc stresses, the 
iinincns'o amount of labor involved in making ihv e()iiii)utati()!is, the 
heavy detailing required for truly fixing the ends by all aching them to 
the masoiu'y of tho piers and abutments, and the baneful clTcets of even 
the slightest motion of the abutments either vertically or horizontally, 
eiq>eciaUy in flat arches. It is claimed that lungeless arches require less 




Tta. 2Bc. Thre^iiiiiged, Braoed-iib Arch with PanUd Ghoids. 



metal than any other type; but the author, upon general principles only, 
is inclined to disagree with that opinion. He has never had occasion 
to design an arch without hinges, but feels quite confident that if he should 
ever figure one, he would find that a proper provision for excessive tem- 
perature stresses, possible large indeterminate stresses, unasual detailing, 
hea\y anchor-bolts, and an inherent sense of fitness in projKjrtioning 
sections, would so increase tlu' weiglit of metal as to aljsorl) :dl of the 
theoretical economy over tlie tliree-hinged arch uivolved by the smaller 
average direct stresses as shown on the stress sheets. Were it not for 
the immense amount of labor required and for the lack of time at his 
disposal for the finishing of the manuscript of this book, the author 
would settle this question finally by making several complete detailed 
designs and computing the resulting total weights of metal. A correct 
comparison could be obtainc^l in no other way — moreover, it would have 
to be made by an expert bridge designer, who would know how to care 
properly for all the unusual stresses and conditions. No short cuts to 
results could be employed, such, for instance, as multiplying each stiess 
fay the length of the piece and summing the results. 

HnigeiesB arches may be constructed of either the solid-rib or the 
fafaoed-iib type; but the spandrd-braeed type does not lend itself readily 
to that class oi structure, because the ends would nearly always be hard 
to fix and because it would be very difficult to make the prelimuiaiy 
apfVoadmationB of sections with sufficient exactness at the first, the second, 
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or po68ibly even the third trialy thus necessitating an ahnost endless amount 
of computation to prepare the final design. In "Modem Framed Struc- 
tures/' Fart II, will be foimd the mathematical theory of the hingeless 

arch, covering both the solid-rib and the 
brac('(l-ril) types. For economy the rib shoukl 
be shallow at the centre and deeper at the 
ends, and this provision produces the most 
artistic appearance attainable. It can be 
erected as a one-, two-, or three-hinp:wi arch, 
and the joints can afterward be riveted up at 
some specifi<Hl temperature, thus reducing 
somewhat the stress uncertainty, esjx'cially tis 
the effects of fabrication and construction 
errors can then l)e eliminate<l. This carrying 
of the dead load as a hinged structure theo- 
retically increases the amount of metal re- 
quired, but practically the smaller amount 
needed to provide for uncertainty of stresses 
will about offset the excess. 

Until lately the one-hinged arch has been 
unknown in America, although it has been 
recognized as a possibility; but in the May 19, 
1910, number of Engiiwering New8 there ap- 
peared a design by Charles Worthington, Esq., 
M. Am. Soc. C. E., for a one-hinge<i steel 
voussoir arch of 1,800 feet span to replace the 
Quebec Bridge that failed. This is one of the 
boldest bridge designs ever presented to the 
public; and, moreover, unlike some of its 
predecessors in novel constructions of great 
magnitude, it ai)pears to be quite feasible. 
The designer's presentation of his project is 
simple and clear, but, of course, his estimates 
would require careful checking before aeeept- 
ance. Fig. 2Qd gives a veiy good idea of the 
general appearance of the proposed structure. 

The principal novelties of the design are as 
follows: 

First The imprecedentedly great span 
length for arch construction; for it is nearly 
twice as long as the longest arch yet built. 

Second, The use of steel voussoirs like 
those of stone, and the non-reliance on the 
ribs to resist bending. Thb idea, however, 
in a way is not new; for, as stated in Chap- 
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tor T, cast-iron voussoir arclios were built in Europe before wrought4ron 
Ijficlges came into vogue, and formed th(» coimecting link between the 
masonry bridges of old and the metal bridges of the present time. Mr. 
^\'()^tllin«^1()n's ])r()p()sed voussoirs arc immeuM', ])eing nine (9) feet long, 
nine (9) feet wide, and varying from twenty-one (21) feet deep at the 
crown to forty-three (43) feet deep at tho skew-backs. He estimated 
upon making them of nickel steel, and stressing the metal up to 28,0(K) 
pounds per square inch in compression, which is about the intensity that 
the author, in his paper on ''Nickel Steel for Bridges," shows to be correct 

Third. The assumption of a certain curve to guit the reqiuremeols 
for underneath clearance, and then forcing the centre lines presenile 
for dead load only to follow exactly the centre lines of the voUBBoirB. 
This was to be accomplished by loading the four arches with concrete 
^erever it might prove necessaiy. Of course, such loading would be a 
Int of extravagance; because it would be much better to adopt such a 
curve that the line of pressure for each arch would follow the line of ^ym- 
metiy without forcing, and then induce the Dominion Government to 
approve the lines of the layout. The idea, though, is a clever one, and, aa 
such, is worthy of commendation. 

Fourth, llie method of erecting fay building a temporary suspension 
bridge of steel cables and lowering from it the voussoirs 18 novd m a 
way, although the erection of truss bridges by temporary suspension 
structures is an old scheme. The magnitude of the method for this case 
is somewhat overwhelming, for the cost of erection would be imiiu iise; 
but, on the other hand, tlie salvage would be proportionately large, be- 
cause the ropes would \>v very little, if at all, injured by their service. 

Fijlh. The buttressing of the abutnii iit.s by immense concrete slabs 
carried from their rear below the ground to the rocky sides of the ra\nne 
is iniique and i)erfeetly practieabh*. Moreover, it oiicht to be efTeetive; 
for tlie expansion and contraction of dee ply buried concrete from changes 
in t< iiijit ratiire should l)e exceedingly small. 

Sixth. The adoption of a hinge at the crown ensures that at that 
point the centre of pressure will, for all loadings, he upon the line of sym- 
metry', which is not the case in masonry-arch construction, except in a 
few instances where hinged castinga with pins have been employed. 

Mr. Worthington's design, as can be seen from the illustration, is 
certainly esthetic; and in this particular it stands out in vivid contrast 
to the rather inartistic cantilever design evolved by the Commission of 
Engineers. It was not accepted by the latter; for, as was stated in the 
preceding chapter, a cantilever bridge of the K system of caacellatian 
was adopted. Whether Mr. Worthington's type of design is ever put 
into execution, or whether it is economic or otherwise in comparison 
with structures of other types, he is certamly to be commended for the 
boldness and beauty of his conception snd for the clear maimer in which 
he has presented H to the eugjneering pntfesdon. Such a design is tru^ 
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a credit to Amerioaa bridge engmeering; and it should be a aouroe of 
satisfaction to the members of that spedalty in this country,. In that it 
affords a basis of their claim that Amcffioan bridges in general are infeikr 
in appearance to those of Europe mainly because of financial restriotiims 
and not on account of any deficiency in artbtic taste among American 
enpino<Ts. 

i'iu' om-hinjred arch i.s fairly rigid, tho stresses in it are more easily 
calculated than those in the hingeless arch, the results of the coiiiputa- 
tious are mure certain, the temperatun- clVcr'ls are less, and slight move- 
ments in the su])ports would not cause such excessive increases in the 
stresses. The solid-rib and the hraced-rib tyixis are applicable to this 
type hut not tile spandrel-braced rib. 

The two-hinged arch, lilLC the arch without hinges, is quite common 




Flo. 260. Gambit Viaduct ofver the T^uy6re Rhrar in Fraacei 



in FAirope but rather unusual in America. It is not as rigid as those 
that have fewer hinges, and its temperature stresses run high, esp< cially 
in flat arches, but by no means as IurIi ;ls those in the hingeless type. 
The calculation of the stresses is ratlier lonq: and tedious, and there is 
sonic uncertainty involved in their sohiiion; l)ut a complete analysis 
thereof is niu( h simpler than in the cast» of the arch without hinges. The 
stresses are increased considerably by any lateral movement of the sup- 
l)orts, the tendency of any such motion being to make the arch act like 
a simple truss. It can be designed of the solid-rib, braced-rib, or sjxiu- 
drel-braced ty|)e. When either the solid rib or braced rib is employed, 
the theoretic outline would require the depth to be greatest at the haunches, 
decrea-sing some^^ hat at the centre and reducing to zero at the ends; l)ut 
such a form would be unsightly. The crescent shape has .sometimes been 
adopted, as un the Garabit Viaduct in France. That arch has a epaa 
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of 541 feet and a rise in the lower chord of 166 feet, the truss depth at 
the centre bdng about 33 feet. (See Fig. 26e.) 

A better and more usual method is to make the ribs of constant depth 
throughout, as in the case of the 840 foot span of the Niagara and Clifton 
Bridge, shown in Fig. 20/, or in that of the 510-foot span, solid-rib arch 
of the Washington Bridge at New York City. The end panel in each 
of these cases tapers down to a point at the pin. In other ca.ses the ribs 
have been made deeper near the ends, as in the case of the 977-foot span 
of the Hell Gate Bridge now under construction, shown in Fig. 2(>{y. As 
tina, when completed, will be the longest arch spun in the world, it is 




Fig. 2^. Niagara-Clifton Bridge over the Niagara River. 



worthy of a full description. Its designer, the n<»ted bridge engineer, 
Gustav Lindenthal, Estj., was kind enough to iumish the author with 
the following data and pictured layout iur the bridge and its approaches: 

Uejul Gate Ajicu. Bridob 

Length, 1016' 10" between tower faces, 

905' 13^" from centre to centre of bearings on masoniy, 
1177' ()" froin eentie to centre of end hinges. 

Rif*e of iiitr;ul<i<, *J20 fct-t. 

Height of top choni of arch above elevation of end hinges at end posts, 14U feet; 

and at centre, 260 feet. 
Wklth, 60 feet from centre to cen^ of trusses; d3 feet from centre to centre 

of rulings. 

Maadmum cross-sectional area of bottom elionls, 1,3S.'> s(|tiare indies. 
Heaviest bottonj cliord serti«)n, !.'>() tons (shipping weight). 

Total weinhf of st(««'l (hi^h carlxm^ •_'(», (mm) tons. 
Total (lead load per lineal foot, .'»(), 7«)0 poimda. 
Live load, 4 tracks, Cooper's LhHJ loading. 

Aitcn Huiixii: TowEits 

Reinforcpfl roncrcte stmrturc with tiranite fafinf? over all, liciivily ninforced 
track tioor, and structure arehiteeturally treated with griuute above track 
level. 

Ward's Island Towkr 

Founile«l on 21 pneinnatir roiir-n tc caissons carried down to rock (15 cylindrical, 

IH fix-t diameter, atid (> rccian^^iilar, M ft. X 41 ft., keyed together). 
Maximum depth of single cai.s.son, lO'J Uioi below mean low water. 
Total foundation masonry, 28,000 cu. yds. 
Maaoniy above foundation (ooncrete and granite), 38,000 cu. yds. 
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Ixnro Ibland Towkr 

Founded on rock (cncountorcd about 15 ft. bdow ground fliiifaoe). 

Total foundation masonry, 5,000 cu. yds. 

Ma*R)nrv alxive foundation (roncrcte and Mraiiito), .'i7,300 cu. yda. 
Dimenbiunei of towers at ground surfuce, 140 ft. X 104 ft. 
Top of toww, 260 ft. above nwaa law wator* 

Ttaxk floor, 150 ft. alwve mma low water. 

Under daaianoe of fted atniotunr 140 ft. above mean low water. 

LaigeatguaBetB, (1) 120" X 1?^' X 17' 6". 

(G) 126" X X 14' 6". 
htmgjBei xiveis (field), lyi" diameter and 9^" grip. 

The picture shows only a part of the viaduct on each side of the arch 
span. In reahty the ))ri(ljj;e and its approaches are over 18,00<J feel in 
length, the latter con.sisting of concrete arches, platc-^irder viaducts. ha.s- 
cule spans (over the Bronxkill), and an inverted bow-string bridge about 
1,000 feet long over Little Hell Gate, the whole work requiring about 
90,000 tons of steel and alx>ut 460,000 cubic yards of masonry. 

The bridge itself is certainly of aesthetic ufipearanee, and it reflects 
great credit upon the artistic ability of its designer. The deep tru.si^es 
at the ends wcn^ evidently adopted for the sake of appearance; and it 
would be interesting to know how nnich metal and money oould have 
been saved by making the arch of crescent form. 

Other two-hinged arches of long span are to be found in the Bonn 
Bridge across the Rhine in Germany, which structure has a span of 614 
feet, in the Diisseldorf Bridge over the same river, with its two arched 
openings of 595 feet each, and the Grand Trunk Railway Bridge over 
the Niagara Gorge with its 550-foot span. The latter is an example of 
the two-hinged, spandrel-braccrl arch. 

In two-hinged arches the lower chord is usually either msular or 
parabolic, the latter fonn being the more economic. The calculationB are 
made by the general method of deflections given in the standard treatises 
on bridge stresses. As before mentioned, two-hinged arches can be erected 
as three-hinged ones for the dead-load stresses and then made ociilanuoua 
at the crown for the live-load stresses. In such cases, for spandrel-braced 
arches there is an increase in weight if the temporary hinge be placed in 
the bottom chord and a slight saving if it be placed in the top choid. 
This addition of a temporary hinge is generally desirable. 

The three-hinged tjrpe of arch is the least rigid of all the types, but 
is othen^ise the most satisfactory; for the temperature stresses are prac- 
tically nil, l)eing confined to those caused by the decrease in the effective 
rise of the arch due to falling t<'rnpt'rature. The stresses cau.sed by 
slight lateral movements of the supports are of the .same nature and small, 
and there is no ambiguity of stress distribution what.soever anywiiere in 
the structure. The calculations of stre^jses are simple and, compara- 



Digitized by Google 



ARCH BRIDGES 



627 



lively speaking, not lengthy, the best method therefor, when the arches 
are open-webbed, being to place a unit load at each panel-point and to 
find by graphics the stresses caused by 
it in all the truss members, taking care 
to note for each stress whether it is 
tension or compression, then to record 
all the stresses from the various unit 
loads in a table. By using a slide rule 
the stresses due to the actual loads 
can easily be found, then tabulated 
and sunmied, care being taken in the 
sunmiation to ignore all impossible or 
extremely unlikely combinations of 
live loads. It may be necessary to 
use diflferent panel dead loads at the 
various panel-points, especially in 
long-span bridges. The unit load 
method of figuring the stresses is 
specially applicable to this condition 
of unequal loading. 

Tliree-hinged arches can be of 
the solid-rib, the braced-rib, or the 
spandrel-braced type. Where the two 
first-mentioned types are employed, 
the theoretic outline is narrow at the 
crown and springing points and deeper 
at the haunches. Such an outline has 
been used occasionally, as in the 460- 
foot span of the Austerlitz Bridge 
over the Seine in Paris, in the 363- 
foot span of the Alexander III. Bridge 
at the same location, and in a few 
structures of novel form such as the 
Assopos Viaduct in Greece. The 
Austerlitz Bridge, Fig. 26A, should be 
noted particularly, because in it the 
end hinges are placed at some dis- 
tance from the skew backs, the ribs 
being fixed to the abutments. The 
increased haunch thickness is not 
graceful; and it has been more usual 
to make the ribs of constant depth as 
in the plate-girder ribs of the 340- 
foot span of the author's bridge over 
the Waikato Kiver at Hamilton, New 
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Zealand, shown in Fig. 26i, and in the 540-foot, open-webbed span of 
the Bellows Falls Bridge over the Connecticut River. In most of the 
bridges of this class the end panels of each rib adjacent to the pins bevel 
down to meet the pin theoretically at a point; but in the Bellows Falls 
arch this construction is employed at the ends only, making the depth of 
truss elsewhere constant, thus adding to the appearance of the structure. 
The pin at the crown is carried by special web members. 

The three-hinged, spandrel-braced arch is similar in appearance to the 
two-hinged. The hinge is usually placed in the bottom chord, as in the 
456-foot, wrought-iron spans of the Lake Street Bridge over the Mis- 
sissippi River at Minneapolis, in the author's 425-foot steel span over the 




Fig. 26Jfe. Arch Bridge over the Waikato River at Cambridge, N. Z. 



Fraser River on the line of the Canadian Northern Pacific Railway in 
British Columbia, shown in Fig. 26j, and in the author's 290-foot span 
of the Cambridge Bridge over the Waikato River in New Zealand, illus- 
trated in Fig. 2Qk. According to Merriman, however, there is a .saving 
of metal effected by raising the crown hinge. He analyzed the two- 
hinged, spandrel-braced Niagara arch and found a saving of main sec- 
tions amounting to 0.8 per cent by the use of a crown hinge in the lower 
chord, one of 8.8 per cent by placing it midway between the chords, and 
one of 11.8 per cent by putting it in the top chord. This comparison does 
not include the weight and extra cost of the crown hinge, which in all 
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probability will overcome the saving in tlie first case and reduce it some- 
what in the last two. These results appear surprising to the author, not 
only because of the great variation involved by locating the pin at difTerent 
places, but also because the general opinion of bridge engineers is that, 
theoretically at least, the two-hinged arch requires on the average somewhat 
smaller sectional areas of truss members than the three-hinged arch. 

In the design of the 225-foot, spandrel-braced arch over the Menomi- 
nee River in Michigan, a parabolic lower chord was first tried with the 
cro\sTi pin on its centre line; then later there was workefl out a design 
with hi'perbolic bottom chord and the hinge half way In^tween the chords. 
This partly avoided the reversing stresses in the spandrel members and 
secured a much lighter structure. A third design with hyperbolic lower 
chord and pin located thereon was then tried, the resulting weight of 
metal proving to be intermediate between the other two. The hyper- 
bolic curve with crown hinge midway between chords was finally adopted. 

The saving in weight by raising the crown pin is probably due to the 
following causes: 

1. The horizontal thrust is lessened and, consequently, its effect on 
the arch members throughout is reduced. 

2. There is an avoidance of some reversion of stresses. 

3. With the pin on the bottom chord there are certain members of 
the top chord and of the web near mid-span which have excessive section; 
and the raising of the hinge brings this idle metal into play and at the 




Fig. 20/. The Viaur \'iadurt in France. 



same time reduces the stresses in the bottom chords for several panel 
lengths on each side of the centre. 

The author's reason for placing the crown hinge on the bottom chord 
was that it appeared to him logical and in line vriXh aesthetics, but he is 
now convinced that he was wrong in so doing. However, the only dis- 
advantage that his spandrel-braced arch bridges po.ssess is a lack of econ- 
omy that is far from being excessive. In his plate-girder arches the 
crown pin was always placed at mid-depth of web. In the 721-foot span 
of the Viaur Viaduct in France, sho\NTi in Fig. 26/, it was located at the 
same position. 

There is now being built at Cleveland, Ohio, over the Cuyahoga River, 
what is kno\vn as the Detroit-Superior Bridge, so-called because it is to 
connect Detroit and Superior avenues. This structure, on which the 
author's firm was retained as consulting or, more strictly speaking, ad- 
visory engineers, contains a three-hinged arch span of 591 feet, having 
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limes Bomewhat tike thoee ci the great HeU Gate Arch, as oan be seen 
by the layout shown in FSg> 26m. Its most notable features^ in additkm 

to the general tnisB-outUne, are the 
details of important members, the un- 
usual truss and floor oonneetions^ the 
double-deck arrangement with four can- 
tilevered sidewalks, the wide driveways 
with their sa electric car lines, the 
heavy loads assumed and the various 
combinations of them provided for, and 
the joint use of carbon and nickel ^^teels. 
The main trusses are about 49 feet 
apart, ami their depths var>' from 2U 
feet at the cruwn to 91 feet at the ends. 
Tlic rise of the bottom chords is 144 
ft «'t. juk! tlu' vertical clearance above 
low water i> UG fret. 

The special typo of spandrel-hrared 
arcli known as the eaiitikfver arch has 
already been mentioned. It consists 
usually of ft central span, which is a 
spandrel-braced arch, and two shorter 
end spans, each of which is apparently 
a half arch of the same type, but in 
reality consists of a cantUever arm ad- 
jacent to the arch and a suspended 
span resting on the cantilever arm at 
one end and on the abutment or pier at 
& the other. Two well-known examples 
. fji this type of construction are the Viaur 
^ Viaduct, above mentioned, and the Rio 
^ Grande Bridge of the Pacific Railway 
^ of Costa Rica. The Viaur Viaduct has 
a central, three-hinged, 8pandrel4iraccd 
arch of 721 feet span, and two end 
spans each 311 feet long, each cantilever 
arm having a length of 228 feet and 
each suitpcnded span a length of 83 
feet. The Rio Grande Bridge ha& a 
central, two - hinged, spandrel - bracwl 
arch of 449 feet span, aud two cud .s|>ans 
of lis te( t each, the lengths of thp can- 
tiie\ ei arm- hein^ 47 feet and those of 
the su.^jM.iuieii ^pau.s 71 feet. 

The cantilever arch is well adapted 
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to certain localities. It reduces considerably the faoriiontal thrust on 
the arch pier, and probably lessens somewhat the weight of the arch 
span. The total vertical movement of the central point of the latter is 
somewhat greater than would be that of the corresponding ordinary arch 
of the three-hmgcd or the two-hinged type; but the deflection under any 
live load on the central span is only a little greater. It is well adapted 
to erection ))% the cantilever method, the cantilever arm and the sus- 
jM luh'tl span })eing connect(;d to one continuous truss during this operation, 
rig. 26/ illustrates clearly the frineiplc of the cantilever arch bridge. 

Concerning the relations iH'twccn ihc principal dimensions for arch 
bridgf's of various types but little can be said, for the reason that but 
little is known. In most cnsc^ the lenn:th of s]\nn and the rise are deter- 
mined by the existing conditions at the crossing. For any given span, 
the greater the rise the less the effect vS uniform load .'tres.ses; but such 
a variation has little or no etTect on the i artial load stres.scs. Again, 
for an}' given span and rise, the arch-rib dept.h does not afiVct the uniform 
load stresses materially, while it does so affect the partial load stresses; 
and as the maximum moments from the latter are much less than the 
moments in a 8inij)le span, it results that the depth of an arch-rib for 
economy of material will be very much less than the best depth for an 
ordinary truss of the same span. 

Hard and fast rules for the minimum spacmg of outer arches of bridges 
for various spans and rises cannot well be given. The narrower the struo* 
ture, within reasonable limits, the less the cost, but the less also the 
rigidity and the lateral resistance to overturning from wind-pressure. 
In the 260-foot span mentioned on page 620, the author made the distance 
between central planes of arches twenty-two feet, which was as small a 
distance as he dstred to adopt, notwithstanding the fact that economy of 
first cost was an important factor in the design. An approximate rule to 
work by ini^ht be to make the perpendicular distance Ix'tween outer 
arches at sj)ringing i)oints not less than one third of the height from 
springing point to grade. 

For an arch .structure in which it is either difficult or imjKjssible to 
secure a sufficient rise and still keep the crown below the roadway, one 
of the rib types, preferably the braced rib. should be adopted, and the 
centre portion of the rib should be allowed to rise as high above the road- 
way as is necessary fur vertical clearance and overhead bracing. In the 
United States the deck arch l)ridge is the one commonly employed, as 
the arch there has been adopted almost always for the crossing of deep 
gorges; but the use of the sus])c nd(Hl floor is v^ common in Europe, 
where the arch is frequently utilized for ordinary types of crossings. 

The application of the arch to very long spans has occasionally been 
advocated with considerable plausibility, but has met with little response. 
Mr. Worthington's design for a span of 1,800 feet has abeady been de- 
scribed and discussed. Mr. C. R. Grimm, in a paper presented to the 
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AiiKTiciin Society of Civil J^uginoore and printed in its Tramadions for 
1911, made a plea for the use of long-span arclies of crescent-shaped ribs, 
claiming a decided advantage in both ai)pearance and economy for them 
over the cantilever and suspension types of construction; but many of 
the engineers who discussed the paper disagreed with his views, deeming 
the other tj'pes to be preferable, or at least that Mr. Grimm liad failed 
to present convincing jiroof of the correctness of his claims. Mr. R. S. 
Buck, who is well known in the United iStates and Canada as a bridge 
engineer, said that an arch of the rib type, such as that in the Niagara 
and Clifton Bridge, is subjected occasionaily to very severe vibrations 
under live load, and that Mr. Grimm's crescent-shaped ribs would be 
still worse in this respect. Mr. Buck prefers the spandrel-braced arch 
for such structures. 

The stress calculations for arches have been referred to previously. 
Any complete presentation of them is bQrond the scope of this treatise. 
There are a number of bodes which give very good analyses, but Fart 
IV of Merriman and Jacoty's book and Fftrt II of ''Modem Framed 
Structures" have been the texts usually followed m the author's office^ 
the treatment offered in the latter being generally preferred, particuhurly 
for two-hinged and three-hinged arches. The analysis is given in that 
book completely for both the solid and the braoed-rib t^'pcs, «nd some 
illustrative examples are worked out. For the analysis of tilie two-hinged 
arch, a complete masteiry ol the principles explained therein on pages 
148-150, Arts. 135 and 136, is advisable, as their employment will shorten 
materially the labor of calculating the stresses. The same points are 
brought out on pages 255-269 of Part IV of Merriman and Jacoby's book, 
although in a slightly different form. The device of summing the results 
for two symiuetrical panels was evolved by the noted bridge expert, 
Theinlore Cooper, E.sq., when making liis computations for the Kio Grande 
Arch in Costa Rica. They ma\' l)e found in the Enginfcrinfj lu cord. Vol. 
16, page 434, for Noveml>er 8, 1902. or in Skinner's ' Di tails of Bridge 
Construction," Part T, page 78. The use of two symmetrical loads, as 
suggested in "Modern Framed Stnictures," serves a similar i>urpose. 

The exac^ method of selecting an e(piivalent uniform live load for an 
arch span is expiainc^i on page 120 of the book last mentionetl; but it 
will nearly always be satisfactory' to take the equivalent uniform load 
for a simple span ha\nng a length of thrc^^-quarters of that of the arch 
span, and compute the stresses with the full panel loads derived therefrom. 

The stres.ses in arches due to wind load.? require careful analysis. 
"Modern Framed Structures" treats the subject quite well for ribs lying 
in vertical planes. The stresses in arch bridges with ribs lying in planes 
inclined to the vertical, so far as the author is aware, are not treated in 
any text-book; and the only discussion of the subject known to have 
appeared in prmt is one by J. Ensmk, Esq., C. E., m En(finemng ATeim, 
Vol. 61, page 659 for May 21, 1910. That treatment handles the prob> 
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Icm completely for the three-liingrcl, spandrel-braced arch. The p^eneral 
method there explained could be applied to the two-hinged and the hingo- 
less arches, although the work of figuring the stresses in the arch mem- 
bers would be quite laboriouB. This inclining of the arches so as to bring 
their tops close together and to spread them below is an important feature 
of areb-bridge constniotion in that it adds greatly to the rigidity of the 
etrueture and reduces the total weight cf metal. On the other hand, it 
adds a trifle to the pound cost of manufacture, but not enough to offset 
the sayiiig m veight. In the author's 425^oot span of the Fraser Biver 
Bridge this expedient was adopted. 

Any arch stmcture, eepecjally when the ribs-fie in vertical planes, 
shows a decided tendency to vibnate; henee the lateral bracing should be 
veiy rigid. In the apaadrel-braced type there should be an upper lateral 
system connecting the top chords, a vertieal bracing fiame connecting 
eadi pair of opposite posts, and a particularly effective aystem between 
the bottom chords. In the three-hinged type the systems will have to 
be broken at the centre of the span. For the braced or the solid-rib 
deck arch-bridges there should be a top lateral system along the roadway, 
a vertical frame in the plane of each vertieal, and effective braeinp alonp 
both the upper and the lower cliords of the arched ribs. Where the ril>s 
rise al)Ove tin? floor there should \>v an effective system of bracing in the 
plane of the said floor, and also other systems along the top and the l)ot- 
tom members of the ribs, with efficient portals w^here the laterals are 
interrupted by the roadway clearances 

The combination of stresses in arch bridges is a little more complicated 
than it is in simple-truss spans, Init less so than in trestles. The various 
stresses to be combined are as follows: 

1. Dead Loail. 

2. Live Load. 

3. Impact. 

4. Wind. 

5. Temperature. 

For the summation of Nos. 1. _ and 3, the usual intensities of work- 
ing stresses are to apply. For that of either Nos. 1, 2, 3, and 4, or Nos. 
1, 2, 3, and 5, the said intensities are to be increased thirty (30) per cent. 
. Finally, for the summation of all five, the said intensities are to be mcreased 
forty (40) per cent. 

As the question of the relative merits of the various kinds of arches 
is a much mooted one, and as but few bridge engineers seem to be posted 
thereon, it will be well to summarise concisely the preceding dissertation, 
.even at the risk of wearying the reader by repetition. 

1. Hingdm Type. Most rigid of all, but there is great ambiguity in 
the stresses, and the labor involved in making the computations is ex- 
cessive. Should be adopted only when the abutments are ver>' rigid, as 
any spreading of the foundations would be ruinous to the superstructure. 
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Claimed l)y some engineers to be the most economical of metal, but the 
correctness of the claim is not yet established. 

2. Ond'Hinified Type, Very unusuali and possesses few advantages. 
Not quite as rigid as the hingeless type, and a little superior to it in re> 
spect to :n'()icinnco of ambiguity and to ease of computation. 

3. Two-Hinged Type. Quite rigid, and involves oon8ider:i1)Iy less stream- 
uncertainly and computation-labor than the two preceding types. Is 
much favored most European and many American bridge specialists. 
Can advantageoudy be made three-hinged for dead-load Btresses and 
two-lunged for live-load stresses. 

4. Thn04iifig9d Ttfp9» A little less rigid than the three preceding 
^ypes, but avoids all ambiguity of stress distribution, and the method of 
stress caloulaticm is sinqite. Undoubtedly preferred to all the other types 
by a majority of American bridge specialists. 

5. Catiiilnm' Arth Type, But little used up to the presents For cer- 
tain loealittes might hivolve a small economy of metal. Firobably not 
quite so rigid as an ordinary arch of like skeleton diagram. Worthy of 
more consideration by American engineers than it has yet received. 

6. Solid-Rib Type. Vim bo used any of the first four typos. 
Suitabli* lor all l(ii<rths of .span, but bcfumes more un(rt»nuniu al of metal 
as the length of ojx uing increases, llaa a fine appearance, hence is popu- 
lar among designers. 

7. Braced-Rib Type. Can be used with any of tlir first four typos, 
and generally is more economio of metal than tho h.IkI ril- typo, the 
longer the <\ydn the greater tlie economy. Can be mndr to produce an 
aesthetic apiM'araiice. l"airl\ i>oj)ular among Ameriean engineers. 

8. Spandrd- braced Tijffc. C'an l>e useil with Tyi)es :i 1, and 5. Prof>- 
ably has some economic advantage over the solid-rib and the braced-rib 
types, especially for long spans, and is generally more rigid because of 
the greater depth of the arch girders or trusses. Has been used consid- 
erably in America. 

Ecorwmif cf Types. The number of arch bridges built up to the pres- 
ent time is comparatively so small, and the economic studies thus far 
made on arches have been of such an approximate character, that but 
little reliable information concerning the comparative economics of the 
various types is available. There is a general impression that the smaller 
the number of hinges the greater the economy, but there are conflicting 
oinnions concerning that view. Again, it is probable, but not yet proved, 
that for exactly similar conditions of layout and loading a cantilever«reh 
bridge is a little less expensive than an ordinary arch with two flanlring 
simple spans. Finally, the three standard kinds of ribs for fmrfy long 
spans in the order of their economy are generally supposed to be the 
spandrel -braced, the braced-rib, and the solid-rib typos; but differences fai 
the existing conditions at crossmgs may vary this order in certain cases. 
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For many years the author has been endeavoring to establi^li s(,me 
appioxiinate relation b(>tween the weights of metal per lineal foot for 
trusses and laterals of arch bridges and those for the corresponding simple 
truss bridges; but has met with very little success. He once submitted 
the question to his brother bridge specialists of America, but they were 
unable to throw any light upon the subject, because their opportunities 
to design and build arch bridges had been few and far between, and be- 
cause the ratio of rise to span has a great effect upon the weight of metal 
in an arch. Of course, there is for any span length some economic value of 
that ratio; but it is not yet known, and it probably varies more or less 
not only with the span but also with the t>'pe of constnietion. The only 
practicable method of determining the original question would be to settle 
first that of the economic ratios of rise to sjian, design a few arch bridges 
with the said ratios, and make the comparison. Tliis would have to 
bo done for the solid-rib, the braced-rib, and the spandrel-braced types 
to make the job complete, adopting for the first set of curves the three- 
hinged type, and afterward modifying the results for the other three types 
of hinging. It is evident that the amount of work involvefl in such an 
investigation would l)e immense. It should be done by an experienced 
bridge designer, as the results woukl be worthless if obtained by any other 
investigator. The author suggests that one of his younger brother-spe- 
cialists undertake the investigation. He certainly cannot spare the time 
to make it himself, the best that he can do being to offer the following 
records and the results of some special computations made for his 425-foot 
arch span over the Fraser River, Unfortunately that structure was 
designed according to the bridge specifications of Hie Dominion Govern- 
ment, which, as far as arches and other structures involving large reversing 
stresses are concerned, are wastefully extravagant of metal. As the au- 
thor's office possesses no record ai weight for the corresponding simple 
span designed according to those specifications, he has had to have the 
arch refigured according to his own so as to compare with- his office dia- 
grams of weights of simple-span, deck, railway bridges. The result of 
the special computation is that the weight of metal in the trusses, laterals, 
and floor system of the riveted arch span is to the w« ifi,ht of same in the 
correspon<iing .sinii)l('-truss riveted span as sev(>nty-five is to one hundred. 
It was found impracticable to make a fair comparison between the two 
cases without including the weights of metal in the floor systems. This 
showing is as favorable as |)ossible to the arch; lor the rise of the latter 
was about the economic amount, and the ribs were assumed to be battered, 
while in the deck simple span the trusses were in vertical planes. Had 
the trusses bwn buttered, there wonkl have been a small saving in the 
weight of the floor and possibly a little also in the lat( ral. system. It is 
certainly a difficult matter so to adjust all the ccmditions as to give a 
fair comparison between the weights of metal fnr nrclu s and truss spans 
in genml; but, of course, in any particular case by taking due cognisance 



i y Google 



638 



BRIDOE ENGINBSRINa 



Chaftks XXVI 



of all the factors, a correct comparison can be made. In the author's 
Hamilton, New Zealand, plate-girder arch of 340 feet span (See Fig. 20i), 
in which the ratio of rise to span is 0.124, the ratio of weights is 0.97; and 
in his Cambridge, New Zealand, spandrel-braced arch of 290 feet spaa 
(See Fig. 26fc), in which the ratio of rise to span is 0.18, the weight ratio 
is 0.83. This great variation of ratios is due partially to the different types 
of constnictioQ and partially to the differenoe in the ratios of rise to spaa 
length* 

In dealing mih the comparative eoonomics of arches and simple 
trusses, it must not be forgotten that there are other factors than mere 
weight of metal involved; for the pound price of the manufactured ma- 
terial is generally somewhat greats for tdie fonner, and sometimes the 
ooet of erefction also is larger. Again, the opmparison of the costs of 
areh and truss superstructures. alone is not of much importance, for 
an economic investigation to be of any value must include botii sub- 
' structure and superstructure; and the costs of the latter are liUy to 
be very different in areh and simple-truss designs for any crossing. 

For many years the author has been greatly desirous of establishing 
approximately comet formula for the weights of metal In arch ribs; 
and in 1907 he gave to one of his computers the task of preparing one 
for three-hinged, plate-girder arches with the special intention of having 
it appear for the first time in this book. The investigation was not fully 
completed at that time, and when the writing of this chapter was com- 
menced the author gave to his a.->.sistant entrineer, Mr. Ilardcsty, tlie tusk 
of prepariuR an entirely new study, which he did, liiiding quite satisfactory 
results. When hv. had finisluid the investigation for plate-girder arches, 
he Wiis set the additional task of making similar calculations for o[X'n- 
webbed, riveted oni^s of the Ijriiceii-rib typ<\ The methods adopted in the 
computations arc semi-rational and scnii-empirical. aj)])roximate formuhe 
being deriv<'(l for the length of arch, and percentages lor weights of details 
being taken from the numerous records collected in the author's oflice 
during many years. On account of the unavoidal)le empiricism of the 
investigation, the formulie are offered to the profession as mere approxima- 
tions to exactness. Th^ are fairly correct for average conditions of 
layout, but less so for unusual ones. The formulse are derived directly for 
ribs of parabolic form, having the dead load uniform over the entire span; 
i^it they will serve equally well for ribs of other forms, provided that under 
dead load plus half of full live and impact loads over the euitire span the 
moments in the rib near the quarter pcnnts are practically zero. Since this 
conditicm will hold for nearly every weU-designed rib, the fonhuke will 
apply in practically all cases. The weights given by them include those 
of the main sections, diaphragms, stiffeners, lacing, slices, pin-plates, 
pins, rivets, etc. ; but do not include the weights of the skew-bade pedestals. 

in Implying the formula, the moment and stress in the rib at the 
quarter point of the span are figured with full live plus impact loads on 
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the far half of the span, and this is assumed to represent the average 
condition throughout the rib. In tlie o|)en-webbed arch invest ip;al ion it 
was assumtHl that the pins He midway between the two chords, and that 
the web system is of the single-intersection Warren or Triangular type; 
but the formulae can be applied to other fonns with only alight error, cer- 
tain of the coefficients being changed, if greater aooura4^ be desired, in 
order to suit the various Special conditions. 

The formuls thus established are certainly sufficiently amuate for 
dead4oad assumptions and even for preliminary cost estimates, but prob- 
ably not ior bidding by lump sum. While it is true that they were estab- 
lished for three-hinged arches, they can be used' for arches with any 
condition of hinging, either by making the assumption that there Is no 
material difference between tiie weights of arches of the various types 
of fixedness, or by multiplying the weights resulung from the fonnula by 
some assumed general ratio which the individual designer deems proper 
to employ in comparmg the weights of three-hinged ardiee with those 
of the type of fixedness under consideration. 

The formults for the three-hinged, plate-girder arch-ribs are as follows: 

r-(2i>+L + /)~, IBq.ll 
M » (^ + /)^ (foot-pounds), [£q. ^ 

il ^ + 9 dl, lEq. 3] 

P 

and T^' = 4.8 Ar; [Eq. 4] 

in which I = length of span in feet, 
h «= rise of span in feet, 
D = dead load per lineal foot of span per rib, 
L ™ equivalent uniform live load per lineal foot of span per rib, 

taken for a loaded length of one-half cf /, 
/ as impact load per lineal foot of span per rib, taken for the 

same loaded length, 
T = total direct stress on section figured, 
M bending moment in foot-pounds at the same section, 
d « assumed depth of arch rib in feet (depth of web or distance 

back to back of angles), 
i m thickness of web or webs hi incbee, 
A * average area of arch rib in square mches, 
p « al lowable un it stress from column fonnula, 



4 + , to be taken from Fig. 26n, 



r = ratio of length of rib to span length Z, to be taken from 
Fig. 26n, 

and W = weight of metal iu rib in pounds per lineal foot of span. 
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The fomiulA for the three-hinged openrwebhed, riveted arch-ribs are 
foUowe: 

Af - (X + /) ^ (foot-pounds), lEq. 6J 



8 



lEq. 8] 

ft 

ami IT 4.6 (J, f J J r; [Fai lOj 

in wliich I, h, 7), 7v, 7, T, M, n, and r have the same values as in the case 
of the plate-pin If r arch, and 

S " average maximum shoar on all portions of the rib, 
d " assumed distaiu c in feet from centre to centre of chords, 
s average area oi ciiords in square inches, 
» average area of web members in square inches, 
— average allowable unit stress in chords by column formula, 
average allowable unit stress in web members by column for- 
mula, 

and W « weight of metal in rib in pounds per lineal foot of span. 

It was the author's intention to insert in either this chapter or an ap- 
pendix the mathematical demonstrations of the manner of derivation 
ol the various formula given above; but the computations involved are 
60 lengthy that a consideration of space-economy forbids. Suffice it to 
say that the said mathematical work has been carefully checked by an 
independent computer and pronounced by him to be correct in principle 
and sufficiently close to exactness in all the assumed approximations. 
Moreover, the two formula for W have been tested by comparing their 
results when applied to the conditions of layout of the author's before- 
mentioned New Zealand plate-girder arch, Mr. Hodge's design for the 
proposed Harlem River arch bridge, and Mr. Schneider's design for a 
72l)-fo(»i arch span with the actually computed weights of those structures; 
and the agreement found was gralifyiugly close. It wils not i)racticab]e, 
however, to cliock against Mr. Buck's Niagara arch; because, unfor- 
tunately, the weights given therefor combine those for the ribs and those 
for the I tracing. 

Some seven years ago the author collected by correspondence some 
weight data on arch bridges from certain American bridge specialists. 
These are lierewith reproduced in the hope tiiat they may be of service 
to some reader in designing structures similar to those described. 
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F. C. Kunz, Esq., tlieii Chief Enginocr of tho Ponns;ylv';inia Steel Com- 
pany, sent the foUuwinp; information concerning tiic wt i^hts of metal in 
£uropeaii highway and single-traclL railway bridges with arched hbs: 

" Highway Bbiikibb with Abghbd Bibb 

"The weight gf in pounds of the main trusses (including all wind bracing; 
for each foot of span (for two-hinged arches) is given by the formula, 

g = Kh + 23.52, 



in which b designates the width of the bridge in feet, 
z indicates the number of the mam trusses, 
and JIT is to be taken from the following table: 





33 


66 


100 


130 


165 


195 


2,30 


260 


295 




Floor with ballast, K= . 


6.5 


12.7 


19.2 


26.3 


34.3 


42.6 


52.0 


61.2 


71 4 


83.6 


Floor with double plunk- 






















ing, ii^- 


6.7 


10.8 


16.3 


22.4 


29.4 


36.7 


44.9 


53.0 


62.2 


72.4 



**For three-hinged arches the above values may be reduced fifteen 
per cent. 

" Railroad Bbidoss with Archkd Ribs 



"The weight g of the main trusses and all Ijracings for singh^-track 
structures in pounds per hneal foot of span is given in the following table, 

the length of span L being expressed in feet : 



ForL- 


33 


66 


100 


lao 


!(>.') 


195 


230 


260 


1 

295 


330 


a- 


300 


500 


710 


900 


1,110 


1,290 


1,500 


1,720 


1,940 

t 


2,200 



"For spans up to 230' the above valu(\s correspond to the formula, 

g = 100 + 6.1 L. 

These weights refer to two-hinged arches; for three-hinged arches a re- 
duction of 15 per cent is admissible." 

Attention is called to the fact that Mr. Kuns considers that three- 
hinged arches are lifter by fifteen per cent than two-hinged ones. This 
is contraiy to the idea generally prevalent among American bridge engi- 
neers, and would indicate tiiat European designers must provide liberally 
for ambiguity of stress. 

C. G. Schnttder, ESsq., Past President of the American Society of 
CivU Engineera, and one of the most noted of American bridge spedalists, 
wrote as follows: 

"I have datA on hand of nn arch bridge on which I figured lecently, and I take 

pleMlirp in forw'inling it to you herewith 

"The spuu bct\v<'<'ii crntroH of en(l-i)iu->^ i.-i 720 fett mid ri.-<<' 72 foct, or n r.ifio of 
ritie to Hpan of 1 in 10. The same consists of two arch nbs inclined. Tiic diiilance 
between centres on top is 30 feet ud on the bottom 52 feet, making a batter of 1 la 8» 
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'"The hridKC is to carry two trolley tracks, roiidways, and sidownlks. The road- 
way with the trolley tracks is 3l> feet wide, with a tux-foot tudewulk on each tiide, outside 
of the roadway. 

*'Tbe floor and its auppoiio ivwo dongned in aeooidaiioe with Cooper's Spcdfie»> 
tioM of igoi, for Ommi A1 and A2 Loadinc for City BridesB. 

"The arch and its bracing were desigiied for a working load of 2,000 poutuls i>ee 
lin. foot, with the usual working stresses, in accordance with Cooper's Specifications; 
and also for a congpHtwl load of 4,000 pounds per Uneal foot, allowing a maximum 
unit stress of 25,000 pounds per sq. in. for the combined dead and live loads and 
wind pressure. 

" The weic^t of the ated auperatractuie ia as folknvs: 

Floor-beams and stringers 720,000 lbs. 

Supporting onliimns with biadng 280^000 " 

LiMrar ehorda of arch 1,200,000 " 

Upper chords of arch 296,000 '* 

Web of arch 282,000 " 

Lateral bracing in lower chorrls 260,000 ** 

Lateral bracing in iipf>or chorda 90,000 " 

Sway bracuiji 111 arch 32,000 '* 

Total weight 3,160,000 Iba. 

"The weight of the wooden desk ia ahout 2lflOO lbs. per paneL" 

Heniy W. Hodge, Esq., the eminent bridge engineer, sent the following 
data for a deeign of his for an 825-foot arch bridge prepared for the City 
of New York. 

ft 

Fbopobsd Abch OYE& Harlbm Riveb, N. Y. 
span 835' e. to o. of pina. 

Rise 125'. . 

25 panels at $3'. 

4 ribs, carrying equally, spaced 27' 0. to 0. of diords. 

Arch having pins at end only. 

One oO' roadway, two 15' sKlfwalks; total width SO'. 

Live load for iioor and vcrlical postH 100 lbs. per bq. ft., or a road roUer weighing 
latona. 

live load for riha 76 Sw. per aq. ft 6^000 Ibe. p. L f. of bridie 

Ueadload, 

Koadway material, 100 Iba. per aq. 
ft. X 50' 5,000 Iba. p. Lf. " 

Sidewalk material, 80 lbs. per sq. 

ft. X SO' 2,400 lbs. p. 1. f. " 

Metal in structure. . 13.200 lbs, p. 1. f. " 

Total dead load 20,000 lbs. p. 1. f. of bridge 

We«ht of metal itoorsgfatem 2,430,000 Iba. 

Vertical posts mjSXO " 

Bracing of Tertioalpoata 644,000 " 

Main ribs 5,828,000 '* 

Lateral and transverse bracing, main ribs 820,000 " 

End shoes and pins 558,000 " 

Total weight ro,850,000 Ibs^ 

Highway unit-stresses are 20 per ceut in excess of railway unit stresses. 
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Mr. Plodgo at the same tin^e sent the following data for the 840-footr 
span arch bridge at Niagara: 



NiAOABA 

840' c. to e. of pioB. 

20 paneb 9% 42' (panels in rib 21' each, 2 to each Tert. poat). 
ISO'xMe. 

2 main ribs, each 26' c. to e. of ohofds, SO' c. to c. ribs at top and OO' c to e. 

at fwttotn. 

One roadway 37 H', two sidewalk.s 4'^' cadi = MV total width. 

Live load 90 lbs. per sq. ft. for floor .uud verticul posts, 50 lbs. per sq. ft. or 2,300 

lbs. p. 1. f. for ribs. 
Total dead load- 
Timber flooring and railings 800 lbs. 

Metal 4,fl00 " 

Total 5,300 lbs. p. L f. 

Weight of metal floor aystcm 7(U),()0O 

Vertical post Mti.l bracing 601,000 " 

Ribs ami hracmn 2,0.57,000 ** 

ShtiCH an<i cml piiia 227 .(HM) ** 

Total weiglit 3,t)51,000 lbs. 

1 rank C. Oslwm, Es(|., the well-knowii bridge engineer and steel 
inspector, sent tlic following datii concerning some small highway arch- 
bridges designed and built by him. 

"Hie Brool^yn Bridge is a braced spandrel areh and has a span of 168' from eentn 
to centre of end pins. The rise is 48', and the width is 26' from centre to ecntn of 
arch rings. Width of roadway 29' G" with two sitlowulks C vach. The loadings are 
as follows: T)( ad loa<l 2,4(X) lbs. p<T lineal foot ; live lojwi 4,0<K) per lineal foot of 
bridge. The total weight of structural steel is b9 tons, which docs uot iuchide the 
floor system. 

'*The Chagrin liivcr Bridge is a plate-girder arch with a span of 168' 9" from centre 
to'eentre of ends. The rise is 27' 6", and the width 27'. The width of voadwny b 82* 
and no sidewalks. The inadings are as foUows: Dead load, 2,600 fba. per lineal footy 

and live load, 3,000 lbs. per lineal foot of bridge. Total weight of structural ated is 

87 tons. This d(M's nut include the Hofflr igrstem. 

"The Riverside Cenu trry Bridge is a conibinfition of lattif<> and plate-ginler work, 
the arch being of the crt^cttnt form, the niitltlir half consi.-tinn of lafliee work and 
the two end s<xtioiia of plate-girder coiuitruction. Tlie span w 142' from centre to 
centre of end pins, and the rise is 24' 6" and the width 22'. Hie width of roadway 
k 17' and the sidewalks 4' each. The dead load is 1,400 lbs. per Imeal foot, and the 
live kMd 1,500 Dm. per lineal foot of bridge. Total weight of steel is 30 tonk' 



II 



In respect to the detailing of arch bridges there are only two pomts 
in which it differs essentially from that of shnple-truss spans, vis., the 
crown and the ends. Where the latter are fixed, as in hingeless and one- 
hinged arches, much care will be required in designing the anchorage of 
the metal to the masonry. The anchor bolts should be figured for the 
greatest stress required to make the ends fixed under the most unfavor- 
aUe conditions, and they should pass into the rock far enough and fasten 
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thereto firmly enough to develop the full strength of their soctioiial area. 
The areas of the parts that bear upon the rock or upon the masonry of 
the abutmeuts should be so lai;ge that the permissible pressures of the 

SCCTTON LoU 
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Ym, 26o. Fodvtal Hinge for the Arch Span of the CanMUan Noctheni Padfio BaflmQr 

Bridge over the Eraser River. 

specifications given in Chapter LXXVIII will not be exceeded under 
any probable circunistuuces. 

The pedestals for hinged ends are generally not of complicated design, 
lo Fig. 26a is shown one of those for the author's C. N. P. K.^ Fraser 
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Riv(T iiruigo before mentionod. Neither are the crown hinges at all 
complex, as caa be seen from Fig. 2Qp, which illustrates those ior the 
samo structure. 

There is not much that is special to be said about the substructure 
of arches, for in many ways it does not differ esseutiaUy from that for 
simple spans* The abutments have no unusual featureSi except that the 
thrust upon them is inclined to the vertical and that care must be taken 
to deaga them so that thegr will distribute properly over sufficient area 




F^a. 2Bp. Cnrnn Hioie for the Aroh Span of the Caoadiaa Nortlieni TtMo Baihray 

Bridge over the Fnaat Rtver. 

the concentrated loads at the skewbacks. Such abutments may be either 
single or divided into pedestals at the different points of bearing. They 
should bo proportioned to carry not only the full load from the finished 
arch bndgei but also the various loads that may come upon them during 
construction, the latter for cantilever erection sometimes being vertical, 
and the former always inclined. As infinite pains must be taken to 
get all the pedestals located in exact position both horlsontally and 
vertically, it behooves the resident engmeer to build the substructure of 
any arch bridge with unusual care. In proportioning the pedestals or 
abutments the extreme variations of pressure thereon from various com- 
binations of loading must be duly considered, taking special precaution 
to see that all effects of the wmd are adequately provided for 
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To very few American engineers does there ever come an opportunity 
to design a large or iini)ortant suspension l)ridge; for that style of con- 
struction is but httle used in this country, owing to the fact that, on ac- 
count of its inherent lack of rigidity, it is not well adapted for carrj'ing 
railroad trains, except in the ciuse of very long spans, and because in 
liighway bridge construction it cannot compete in cost with himple-trusis, 
cantilever, or arch structures for ordinar}' crossings. 

Although his first piece of bridge engineering, which came to him only 
a few months after graduation, was the mathematical investigation of 
compensating trusses for tlie avoidance of temperature str(\s.ses in sus- 
pension bridges by making the top chords of timber and the bottom 
chords of iron,* in his forty years of professiona] life the author has had 
occamoQ to build only half a dozen aittpensioa bridges for light highway 
traffic and of comparatively short span, none of them exceeding four 
hundred feet, and to design only one long span railroad structure for a 
proposed crossing of the Hudson River, which structure, however, never 
materiahsed. On that account, much to his regret, he is unable to offer 
the reader a complete set of accurate diagrams or tables from which to 
compute quickly and easily the quantities of matmtls in any ofdinary 
suspension bridge, as he has done in the case of simple truss spans, swing 
spans, and cantilevers, or even possibly to provide quite as accurate 
data as he has submitted for figuring the quantities of metal in steel arch 
structures. However, he will present a method of computing quickly 
the aqsproodmate quantities and costs for the superstructures of both rail- 
way and highway suspension bridges of ordinary types; and these will 
be suffidently accurate for preliminary estunates of cost and for the de- 
termination of dead loads to be used in the more accurate computations 
which should be made in preparing actual designs. To give any figures 
of quantities or cost for the substructures of susj^c n.viuii bridges is abso- 
lutely out of the question, because they will depend entirely upon the 
local conditions at the i)r<i])oscd crossing. It is never a great task, though, 
for an exp( riciiced l>ri(igc engineer to compute the approximate cost of 
substructure for a bridge when all the governing conditions are kno^ii; 
and even the structural designer who is inexperienced in the practical 

^This paper on " Compeoaating TrusBee " was pubiialied in the ISTO Proceedings 
of the Fl Eta Soientilie Ckwiety, now the RenaBeber Sodety of Eogineen. 
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features of bridge building, but who is well read generally on both theory 
and practice, can make a fair attempt at such computations. 

While the suspension bridge in some simple fonn has been In use for 
centurie-s, it has remained for the present generation of engineers to bring 
it to its highest development and to perfect, probably as far as is poesibley 
the theory of its action. , In the earlier ^rpes the floor was directly sus- 
peDded hangers to .the main cables so that a load at any point would 
cause a fmrther saggjng or deflection in the cable at that point and a ris- 
ing thesrein at other pdnts. The effect of this was to produce a wave 
motion in the floor as the load proceeded aecoas the span* This lack of 
rigidity prevented to a laige eartent the adoption of the suqwnsloii type 
where heavy Uve loads were to be canied. To overcome Hob defect tiie 
floor system was first modified by using long floor joists extending over 
several panels and adopting stiff and rigidly braced hand-rails, thereby 
distributmg the load to a larger portion of the cable. This step was fol-^ 
lowied by the hitroduction of stiffening trusses running the full length 
of the span and attached at regular intervals (generally at each panel 
point) by hangers to the cables. The .stiffening truss and its supporting 
cable form a nHlundiuit system; and in large struct urt's it becomes an 
importiint matter to determine wliat portion of the load each carries. 
All the dead load Ls supported by the main cables; and the function of 
the stifTening trusses is to distribute a partial live load over the hangers 
so that each one, as nearly as may be, will transmit an equal portion 
thereof to the said rabies. 

Various factors atfect this distribution of live load, such as the fol- 
lowing: 

1. Rigidity of the cable system. This is determined not by the 
elastic properties of the cable, but by the dead loads estiibUshing 
a particular funicular polygon to which the cable conforms. A 
partial live loafling tends to distort this polygon, and such dis- 
tortion Is resisted by the dead loads. The larger these dead loada 
the more rigid the cable system. 

2. Rigidity of the stilTenmg trusses. This is determined by 
the elastic properties of the metal and the moment of inertia of 
the section of the trusses. 

3. The position, length, and elastic properties of the hangera. 

4. Changes in the length of the. cables due to live loads or to 
variations temperature. 

5. The movement of the saddles or the deflection of the tomra 
due to changes in length of the backstays from the same caosea. 

6. The variations m heights of towers due to changes hi the 
tensions on the cables and backstays and also to differences in 
temperature. 

7. The condition of the ends of the stiffening trusses, whether 
simply supported or anchored down. 
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8^ Hie ofaaiacter of the stiffemng tnueeB, wlieibfir oontiiiUKMis 
tbroughout or hinged at one or more inteimediate points. 
As the dead load is practically distributed unifonnly over the span 
length, the ftmiryi^r polygon aesuiiied by the cable is a parabda defined 
by the equation, 

|f-^(«-x); IBq.lJ 

in which y «■ the ordinate moasurcd downward from the x axis at a point 

distant z from the origin^ 
/ = sag or versine of the cable, 
and { B length of span. 

The origin is taken at the saddle supporting the cable. 

As the live load comes on the span, it produces a deflection in the 
truss which, u& turn, through the hangers, tends to distort the funicular 
polygon previously established by the dead-load flystem, causing the un- 
mediate portion of the cable to drop sli|^t|y and the more remote por- 
tiims to rise. The more flexible the truss the more pnmounoed this move- 
ment and the more variable thb distribution of the load on the hangers. 
The accurate solution of this i»oblem of distribution leads to long, in- 
volved, and diflicult analysis, utilinng the physical properties of the 
materials, sdcfa as sise, weight, areas, and elasticities. These are not all 
known at the outset, and some means of starting the analysis with fairly 
proximate assumptions or estimates is highly desirable. The method 
recommended by the author for making the first approximate determina- 
tion of sizes and weights is based on the following assumptions, which • 
have been the established practice for a long time. 

1. That the curve assumed by the cable under all conditions 
of loading is sc'nsibly a parabola. 

2. That tlie stretch in the cable is relatively small and inappre- 
ciable. 

3. That the ends of the stiffening trui<ses are free and that the 
trusses are rigid as compared to the cable system, no hinges therein 
being employed. 

4. That the pull on the hangers is uniform, as the curve of the 
cable remains a parulx>la for any position of the live load. 

Such assumptions lead to the following results: 
Ukl^ portion of span covered by Uve load coming on at end, 
n number of hangers per truss, 
19 «■ live load per foot of truss, 
W « live load on one hanger, 
V « shear on truss, 
and fii » number of hangers on the unloaded portion of truss, 
then the load W on one hanger is, 

W = *^ . lEq. 2J 

n 
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The greatest shear for a particular loading will Ik- at the head of that 
loadinji and will Ixi equal to the load on one hanger multiplied by the 
number ol" hangers on the unloaded p(»rtiou, or 

kiw 

7- ^ m. [Eq.3l 

This becomes a maximum for the span when the live load ooci^MeB 0D&- 
half thereof, for which poeitioii 

V (max.) ^HvH [Eq. 4] 

The maximum Ix iidiiig moment occurs when the live load covers 0.618 
of the span, for which 2x>»ition it becomes 

M - 0.0451 wi^. [Eq. 5j 

The seotiaiii at which this mairimtim momoit occurs Is distant from the 
end of the span 0.3822. 

Let {i <• the length of simple qian which, for the same value ci w, 
would give a moment at mid-span equal to the maximum moment in the 
stiffening truss, then 

M - 0.126 idi* - 0.0451 toP, [Eq. 6] 

. 0.0451 ^ ^ 

••^-0125^' [ESq-71 

and 1^-0.62. [Eq. 8] 

It can be shown in a similar manner that a simple span six-tenths of 

the length of the stiffening truss will have an average shear approxi- 
mately equal to that in the said stiffening truss. 

If we assume, as Prof. Burr .shows in his excellent book on "Su.s- 
pension Bridges," p;ic;e 39, that the maximum iuuin» iit will extend over 
0.23b/ at the cenln- and will diminish uniformly to the ends, the average 
bending moment for the entire span will be about sixty-two (62) per cent 
of the maximum, while in a simple span it is about sixty-seven (67) per 
cent. 

The preceding; relations afford a moans of arrivinp; at an ap{)roximate 
estimate of the weight of the stiffening truss. The impart to be provided 
for in the latter may logically be assumed as that given m either Fig. 
7c, Id, or 7e for a span of 0.6/. If that impact is r, the total load for 
which the stiffening truss should be inx>portioned is tr (1 + r). In order 
to find the iqsproximate weights of metal per lineal foot of span for the 
stiffening trusses, the author sought to utilise some of the diagrams ol 
this treatise which give the corresponding weights for simple trussea; 
but he was unable to establish any satisfactoiy relation between the two» 
owing to the fact that In the sunple span the top ehords are polygonal 
and the truss depths are great, while in the stiffening trusses the choids 
are parallel and the truss depths are exceedingly small. On this aooount 
he has evolved the following method of detenninmg the reqturod trOBS 
weights: 
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Let us use the same nomenclature as before, and in additian thereto 
tiie suooeeding: 

9 » intensily ol atro a B in tenakm, 
p » panel length, 
d — truas depth, 

$ » indmatton of the diagonals to the vertical. 
Mm «" maadmum bending moment on one trues due to liTe-plu84mpact 

load, and 
Vm maadmium shear due to same. 

The following assumptions will be adopted: 

First. The avcrjipc* moment for a truss with ends not anchored is 
62 per cent of the inaxiimim. 

Second. The avcraf^c shear for such a tnis.s, when tlio ofToct of stress 
reversion is given due consideration, is 80 jx r cent of the maximum. 

Third. The addition of 20 ixt cent for rivet lioles to the area of 
the av<•^a^e tension Tneni})er makes it strong enough to carry in com- 
})t< ->i(iii, with due regard to the effect of I over r, a stress equal to that 
for wliich it was desigue*! in tension. 

Fourth. The proper ]>ercentage to add for details .to the weight of 
any rivet<xl stiffening truss is 40. 

For the effects of vertical loads only we have the following: 

The area of the average chord member will be 

A. - X.2 i^-^) IE,. 91 

The area of the average vertical post will be 

The area of the average diagonal will be 

A. = 1.2 (Hil^) IE,, ui 

The corresponding weights of metal in one truss per lineal foot Of 
span, exclusive of the details, will Ix^, respectively: 

OS 08 



Z, = 2 X 3.4 X 1.2 X 0.62 X - 6.06 [Eq. 12] 



^. - 1.2 X 3.4 X 0.8 X — - 3.26 — . [Eq. 13] 

' sp «p 

- O X 8.4 X 0.8 X - I=t^'^^\ [Eq. 14] 

9 sap 

The total wd^^t of metal per truss will then be 

Z, - 1.4 {Z, -f + Zd) 
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Hie nest point to determine is the wind pmsure per lineal foot oi 
span, on the structure. Tiie intensity, or pressure in pounds per square 
foot of area opposed to the wind, is given by the formula 

P'-35-^; IEq.161 

and the area per lineal foot of span receiving the wind presBure can be 
found with sufficnent accunw^ from Fig. 9c, entering it with a span length 
of 0.62. Calling the area thus found A makes the wind pressure per lineal 
foot of span to provide for 

P - i/A. [Eq. 17] 

The entire wind pressure will be assumed to be carried by the lateral 
system of the suspended span to the towers, thus ignoring any asmstance 
that may be given by the cradling of the cables. In some cases this is 
comet, but in others it causes a small error on the side of safety* 

Let h » the perpendicular distance between the central planes of 
trusses. 

The moment from the wind pressure will be 

and, assuming, for convenience in figuring, that the two lateral systems 
are combined into one, the manimimt chord stress will be 

8^^; [Eq. 19] 

and the average will be 

PP 

5' = 5 = lEq. 20] 

For wind pressure the unit tensile working stress is thirty (30) per 
cent greater than that for hve and dead loads; hence the average area 
of one combined chord will be 

S' PI" . ^ 

To this must be added about twenty i)cr cent to allow for rivet holes, 
making the gross area 

^ ^ 15.0 6. = 131,7' ^> 

3.4 PP 

and tlic corresponcUng weight of steel pt;r lineal foot is Ajsaomiiig 

the weight of the details to be 40 per cent of that of the main sections, 
the weic^t of one chord of the ccnnbined horizontal trusses will be 
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As there aro two cliords, the total wcipht per lineal foot wiU be 

3.4 PP _ Fl' 
2F. -2.8X ^3^^ -i.37 6« 

or, say for convenience, «■ ■ ^ , [Eq. 24] 

110 5 

Befoitf oombining Eq. 24 and Eq. 16, it will l)e neeessao' to substitute 
1.3« for 9 in the portion of the laUer which pertains to On chordSt making 

Z\ = 1.4 1 3.9 + — ^( J I lEq- 251 

The total weight of metal p&r tineal foot in the two tnisecs will be given 
l)y that one of the f crowing two equations which indicates the larger 

value: 

r - 2 2| |Eq. 261 

or T-2Z'i + 2ir^»2Z', + ^ lEq. 27J 

For railway bridges, the weif^ht /' ix r lineal foot of span for the floor 
sysU-ni is easily aHcertainid from the jHop* r ttiagram of Chapter LV, and 
the weight L JXT lineal foot of .span for tlie lateral svHteni ean Ixi found 
therefrom either direct ly or by t xtensiun; but for liighway bridges it will 
be norossary to figure the.se values directly. 

1 ti( lotal weight per lineal foot of bpaii for both the metal and the 
flooring of track (/'V) will be 

W, = T + + L + F|. lEq. 28J 

To this will have to bo added the approximate weight per lineal 
foot of span for the stispenders, and an assumed weight per lineal foot 
of span for the cables. 

The total load per lineal foot for computuoig the stresses in the latter 
wilii therefore, be 

TT/ - TTi + IT. + Tf. + 2ii; (1 + rO, [Eq. 291 

/ bemg the coefficient of impact for a span I as given in <me of Figs. 7e, 
H and 70. This is for all of the supporting cables and must be divided 
by iiti the number of cables, in order to obtaui the total load per foot Wt 
per cable for computing the sise. The values of TT, and will have to 
be first assumed and then computed, but the work involved in so doing 
is quite small, especially as it is likely that one or two trials will suffice 
to determine the sises and wdghts with sufficient accuracy. 

It must not be forgotten that the greatest load on the hangers will 
occur when the span is fully loaded and not when th(^ greatest concen- 
tration comes at the panel point in question, as is the case for onlinary 
truss spans. Again, the impact to use in liguriiig the hanger stress is 
that for tlie whole sf)an, /, and not that for two panel lengths of the truss, 
as is customary in ordinary l)ri(lge de>igniiig. 

If /' is llie panel length, or distance Ix'tween cun.-ecutive hangers, the 
load per hanger for each cable will be Wt l'* This may be used in laymg 
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off a force diap^rnm and an eqiulihrium polygon to coincide with the 

cable, from which the tension at any pcunt in the latter ia readily scaled. 

Or the total load pc r cable may be expressed in pounds per lineal foot 

of apan and the following well known formula used for finding theMreas 

in the aaid cable: _ WiP _ 

r.--y-seca, [Eq.30l 

where a angle that the tangent to the curve makes with the horiaontal 
aadfl at the pohit oomadered, and/ •> deflection of cable. 

At the pomt where the cable ia supported the tension becomes 

r. - IE.. 31] 

Dividing this by the allowable unit stress gives the required section of 
cable, from idiich an estimate of weight may readily be made. 

Up to this point the assumption has been that tiie stiffening trusses 
are free to rise at their ends; but if they are anchored down, the figures 
for bending moments and diean will be aomewhat different; and, eon^ 
sequently, the weight of metal hi the trusses will be changed. 

The maiimum positive and negative bendmg moment lor ends an- 
chored, as shown by Prof. Burr and other writers, is given by the equation, 

(Kq.32J 

The moment to he iirovided for, allowing for the effect of the reversal 
of stresses, will then be 

1.75 wP wP 
= — - 3f = .0323 wl\ [Eq. 33] 

Let h be the length of simple span which, for the same load per lineal 
foot, will give the above momenta; then 

^ - ^ - ^1 [Eq. 34] 

and b»0.5l. [Eq. 35] 

The equivalent span length for shear, however, will be about six-tenths 
of. that of the stiffening truss, tiie same as in the case of the span ^th 
free ends. 

The maximum moment occurs at the third points, hence the chords of 
tlie middle third of the span will have to be of uniform section. If, as in 
the previous case, the moments be assumed to vary uniformly from the 
points of maximum to zero at the ends, the average moment will be 0,67 
of the said maximum, or exactly the same as in the simple span. 

The nirtluHls <j1 finding the weights of metal for stiffening trusses 
with anchored ends arc the same as those in the case of trusses with froe 
ends, excejit that in this case the average moment is ()7 per cent of the 
maximum, as was just stated, and that the average shear for which the 
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web members are to be deogned, after allowing for tbe effect of aUess 
revmaly is 1.6 times the maximum shear. We then get» instead of 
Equation 15^ the formula, 

Althoujjh the numerical coefficients within the brackets of Eq. 36 are 
larger than the corresponding ones of Eq. 15, the resulting value of is 
smaller, because in £q. 36 the value of is only .0323 wP instead of .015 1 
wl*, and Vjn is exactly one-half of what it was fonnerly, viz., 3^ wl instead 
d i^wL From this it will be seen that the anchoring of the ends of the 
span saves between 20 and 25 per cent of the weight of the chords of the 

I trusses, but has no effect at all on that of the webe^ 

I The corresponding change in Eq. 25 will give 

Substituting the values of Z| and given respectively in Kq. 36 and 
Tjq. 37 will indicate the profKT value of T tO use when finding the total 
weight of metal per lineal foot of truiises. 

It will be noted that the method outlined applies to trusses of nickel 
steel or other alloy steel, as well as to those of ordinary carbon steel; 
for, the value of s can be chosen to suit the material used. It thus 
makes it possible to determine in a short time what kind of steel is bert 
suited for any structure. In this comparison there must, of course, be 
taken mio account the changes ui the sections of the hangers and cables 
due to the changes in the wei^ts of the stiffening trusses. 

No attention has been paid to the cQnditi<m of intermediate binges in 
stiffening trusses, because the author does not see any reel advantage in 
usmg them; for while th^ may effect a certain saving of metal in the 
trusses, th^ certainly cause a loss of rigidity in the struetura. It would 
be bad polity on the part of the designer to sacrifice even a small portion 
I ol the none too adequate stiffness of a suflpensioa bridge in order to make 

a small reduction in its cost. 
I The economic depth for stiffening trusses has been determined theo- 

retically by Dr. D. B. Steinnian in his excellent little book on "Suspen- 
sion Bridges and Cantilevers." lie finds that it is about one-fortieth 
(Yio) of the span, and states that this is somewhat higher than the 
I average of past practice, probably because most designs have been a 
I compromise betwetMi the demands of eronomy and those of aesthetics. 
! In his opinion, the Williamsl)urff Bridge, which is the only long-span 
I structure conforming to this economic ratio, is marred in appearance by 
I the excessive depth of the stiffening trusses. This limit does not strike 
' one as being very high, though, considering the fact that the trusses are 
j generally through ones and that they must provide a clear headway 
ranging between twenty and twenty-five feet. It twelve hundred feet 
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be taken as the mfnhntim spaa length for irblch it would be legitimate 
to consider the adaption of a suspensioii bridge for lailiray tnffic, the 
economie truss depth would be thirty feet, which is a little shallower than 
it ia practicable to adopt for a double-tiadk bridge with flo(n«-beains and 
portal bracing that have ample depths for rigidity. A serious uhjt ction 
to employing shallow deck stiffening trusses is their unsightly appearance. 
Ail things considered, it is generally advisable to make the truss depth 
as shallow as the governing contlitions will allow, provided that the eco- 
nomic depth be not varied from too radically. 

The inferior limiting ratio of distance l>otworn central planes of stiff- 
ening trusses to span lenp;th has not yet received due attention by engi- 
neering^ writers. The author is of tlu^ opinion that it ought to l)e alx)ut 
as one is to thirty, that for simple s])ans being as one is to twenty. There 
are two good n*;usons for ]ilaein<; a mininunn limit to this ratio, viz., to 
avoid vibration and to make I lie vari(t\is compn^ssion chords, which, ia 
a waj', form one long strut of th(» ^•auw lenj^tli as the si)an, have a reason- 
able ratio of length to radius of gyration. For the thirty-to-one limit 
the ratio of length to radius of g>Tation would Ix* alxjut sixty, which ia 
well within the bounds of good practice in stmt proportioning. 

The eocmomic cable rise for many years has been recognised as ^'nry- 
ing from one-tenth to one-eighth of the span length. For l>ridges in which 
the side spanr are without suspenders, Dr. 8teimnan finds that it is ab^ut 
one-ninth of the main span, and for those in whic h the side q)aDs are 
suspended from the backstays it is about one-eighth thereof. 

The greatest practicable span length for suspension bridges is a sub- 
ject to which much attention has been devoted of late yean. In 1894 a 
special board of officers of the United States Engineer Corps was iHipointed 
to investigate the question; and they found a limit of 4,335 feet, but the 
assumptions made were rather arbitraiy. Dr. Steinman finds that the 
fimit varies from 3,500 to 4,900 feet, depending u]xm the assumed live 
load, which he fixed withm the lunits of 10,000 and 20,000 pounds per 
lineal foot of span. Defining the limilang eocmomic span as that at which 
the revenue from traffic just balances the annual cost of the structure, 
interest and everything else being included, Dr. Steinman finds that the 
limit is 3,170 fe<4. But \v\t\\ the advent of a high alloy steel for the 
stifTening trusses this hniit, as well as the extreme practicable coiLstruc- 
tivc limit, will be increased — |K)ssibly abont in the proj^ortions found by 
the author for cantilevers in his paper on ' The Possibihties in Bridge 
Construction by the Use of Hij;h Alloy Steels." 

In order to make clear to tlie reader tlie method herein dcsirilu ti for 
finding the approximate weights of nH t:il per lineal foot of span in riv- 
eted stiffening trus.ses, etc., by using the various diagrams of this treatise 
and the dinKtions given in this chapter, the following example for a double 
track railway bridge ia offered: 

Span length 1,200 feet 
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live load : Class fiO 

BUtance.c to c of trusses 40 feet 

Ends of tnuses free, i.s., not anchored to masonry. 
Metal all carbon steel. 
Assume that there are thirty-six pands of thirty-three and a third feet 
caoh, and that the minimum truss depth practicable is thirty-three and 
a iljird feet, giving the diagonaLi an incHnation of forty-five degrees. 

Referring to Fig. 55x and taking a span length of 800 feet, which 
involves a width of 40 feet l>ctween central planes of trusses, the weight 
ot iiK'tal in the floor system is found to be 1,5(K) pounds per. lineal foot; 
and an extc^nsion of the line for weight of lateral system to 1,200 foot spans 
makes the weight 1,440 pounds per lineal foot, but this must be reduced 
for the smaller width to about 1,200 pounds, as per the directions given in 
Chapter LV. 

From Fig. wo find that tlie hve load per truss for a span of 720 
feet ({).(>/) is 5,400 pounds ])er lineal foot, and from Fig. 7c that tlie im- 
pact for a doul)le-track railroad bridge of that span is ten (10) ]n v cent, 
making the total live load per truss = 1.10 X 5,400 = 5,940« say (j,000 
pounds; and, of course, there is no dead load to add. 

The weight of metal per lineal foot per truss is found by substituting 
the preceding values in Eq. 15, giving 

g. ^ 1 1 Qfl .0451x6,000 X (i^y , 

Z.-1.4| 5.06 X 33^x16,000 + 

3.26 X 6,0 00X1,200 ^ , ) 
4X16,000 xu + ^;.j. 

« 1.4(8,607 + 1,110) - 6,700 lb& nearly. 

1,200 

The intensity for the wind pressure on a 1,200-foot span is 35 — ~j =» 

23; and from l ig. 9c we find by extrapolation that the area of trusses per 
lineal foot on a double-track railroad Ijridge of 720 feet span is 37.0 square 
feet, and that on the floor is 7.0 square feet, niakioj^ a tot.tl <»f 45.2 square 
feet, which multiplied by 23 makes 1,040 pouiid.s per linr'ai foot. 

The a\'erage extra weight of chord metal per lineal foot for resisting 
wind pressure, according to Ia}. 24, will l)e 

8 X 1.040 X (1,200)^ 
2 - = "11X40X16,000 ^ ^''^ 
Substituting in Eq. 25 gives 

z I — 1 .4 j .i.y X " — " T* 

( aa.a x lo.ooo 



3.20 X t UHM) X 1.200 
4 X 10,000 
1.4 (2.844 + 1410) « 5,536 lbs. 
2 Zi « 2 X 6,700 - 13,400 



X(l+2)| 
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and 7 » 2 + 2 ir« » 2 (5^6 + 1,700) » 14,472 lbs. 

Adding to this the weight ol metal in tiie floor and lateral qnatems gives 
17,172 lbs. as the total wd^t of metal per lineal foot in the span. To tbk 
should be adcted about 800 lbs. for the two tracks, making about 18,000 
lbs. as the dead load, or 9,000 lbs. per lineal foot per truss. 

The live load per lineal foot per truss for a l,200^oot span, a.s per Fig. 
66, is about 5,300 pouitds, and the impact for that span length, as per 
Fig. 7c, is eight (8) per cent., making the total live load about 6,700 pounds. 
Adding to this the dead load just founcl makes 14,700 pounds as the total 
load per lineal foot per side. The load on one hanger will, therefore, be 
14,700 X 33.3 = 485,000 pouiuls. 

Combining the Uve load over the full span with the weight of the 
stiffening trusses, the floor and lateral systems, the track, the hungers, and 
the cabl^, the total load carried to the towers is a,scertained. The vertical 
component of the tension in the backstays is to l>e added to that from 
the cables. The towers are to be designcil :is columns subject to bentUng, 
if movement of saddles is not provi(ied for, or if the lower ends of their 
steel eoluiims be not hinged. These towers may lie built as braced steel 
bents resting on masonry piers, or as masonry colunms or shafts. The 
question of adopting fixed or hinged ends for the feet of steel tower-posts 
is still an unsettled point. The author favors the hinged ends in order to 
avoid large bending moments on the columns from eccentricity of loading^. 
He once designed a wood( n tower for a highway suspension bridge and 
figured on hinged ends; but during his absence from the office, while the 
detail plans were being made, the chief draftsman upon his own respon- 
sibility took the Uberty of impioving (?) the design by changing to fixed 
ends. A few years after the erection was completed the columns got a 
little off the yertical, due, probacy, to some sli^^ stretch in the back- 
stays, and some bending resulted. Most of the trouble was corrected 
by an adjustment that had been provided in the anchorage; but the 
author was gbd that, wben m due time it became necessaiy to lenew the 
tunber^ he was able to substitute metal therefor and to pot fai hmged 
ends at the feet of the four columns. 

The backstays must be attached to andiorages which have unyield- 
ing foundations, such as rock, "^th any less stable foundatkm material, 
a certain amount of movement or displacement is apt to occur when 
the anchorage is subjected to the pull of the cable. Any displacement 
of (jne or more supports causes disturbances in the distribution of stresses 
in the span. 

The preceding aj)i)roximate method of figuring suspension bridges will 
enable the designer to arrive at a provisional estimate of cost and will also 
fumi.sh data, .such as weights, areas, and moments of inertia, ncfxled for 
the more accurate methods of analysis. For such methods, the reader is 
referred to "Modem Framed Structures," Part II, by Johnson, Br>^an, 

and Tumeaure; H^.ufitpeosjioa findg^s," by Ftoi, Wm. iL Burr; aod to 
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" Melan's Theoiy of Arches and Syapeoaioa fokigeB," tranaiated by Prof. 
D. B. Stonman. 

That even with the best possible syst^ of analysis there is consid- 
erable ambiguity ol at rcBBoe in the stiffening truases of Buapenaon faridges 
goee without saying; but it is unavoidable. If it be pm^Mrly anticipated 
and provided for aooocding to the latest and most iqiptoved theoiy, it 
will do no great harm. It has been rumored that the crippling of one 
of the tmssea <tf the Brooklyn Bridge a few years ago was due to this 
cause; but, of course, when it was designed, over forty years ago» there 
was not as much known about the oomputatiQii of stresses and the 
seienee of proportioning as there is at the present time. ^ / 

There are only two conditions in tins country that call for the adopy(^ 
ticn of a suspension bridge. The first is at a wide, high crossing of a river 
or gorge where a cheap highway bridge is needed, and even in such a case 
careful figuring should be done so as to see whether some more simple 
style of structure cannot be built for less nioiKy. While it is true that 
the suspension bridge can be erected almost entirely without falsework, 
it must V)e renn inbcred that the cantilever and the arch do not require 
verj' much, and that simple spans can be constructeii by somi-cantilever- 
ing, thus avoiding excessive ex])ense for temporar>' supports. If any other 
t\i)e than the sus])<'nsiun l)ridge can be built for such a highway crossing 
at about the same eost as the latter, the more ritrid structure should be 
adopted, because light suspension bridges are' very vibratory; and, more- 
over, they do not resist wind pressure as well as tiie other bridges, beca\ise 
of the fact that there is often nothing but the weight of the floor alone 
to prevent an uplifting wind from destroying the stecture, or, &t least 
from injuring it so materially as to put it out of commission for some time. 
The second condition referred to is that of a span so long as to make 
the suspension type so much cheaper tlian the cantilever that it lias to 
be adcqyted. The question of the comparative economy of cantilevers 
and suspension bridges is treated at lengtii in Chaptw LIII, to wliich 
the reader is referred for further inloRDaition. 

The longest suspension bridges in the worid are the three over the . 
East Biver uniting New York City proper and Brooklyn. The longest 
of them is the Williamsbuig Bridge with a «pan of 1,600 feet, and next 
oomes the old Brooklyn Bridge, wfaioh is only four and a half feet shorter, 
and tiben follows the Manhatten Bridge with a span of 1,470 feet There 
ace two other suq)enflion bridges in the United States and one in Mexico 
having spans exceeding one thousand feet in length, but, as far as the 
author can ascertain, there are no others in the world that come up to 
the latter limit, the next longest beiii^ tlie one over the T3anube at Buda- 
Pesth vAth a span of 951.5 feet. In Merriiuan and Jacoby's "Roofs and 
Bridges " and in Merriman's "American Civil Engineers' Pocket Book" 
will be found a H.-^t of the twenty-one longest si)ans in Aineriea. 

Some longer suspension-bridge spans than these have been contem- 
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plated and even computed vdth more or less detail — mainly several pro- 
jected staructures to ettm the North Riv& at New York City. Messrs. 

Geo. S. Morison, Guatav Lindenthal, and 
Heniy W. Hodge have made desipris for 
that crossing; and it is not at all unlikely 
that the last-mentioned enginftm* and his 
financial anociates in the not very diataait 
future ^nll succeed in eonwimmating the en- 
terprise. For the sake of the engineering 
prof esaon as well as for other good reasons, 
H is to be hoped that they will be sucoessfill. 
The building of such a structure as the one 
<S they contemplate would be a fitting clinmx 
to an abeady brilliant professional career. 



05 



In Fig. 27a is shown a layout of the pro- 
posed structure. From this it will be seen that 
the main span is to have a length of 2,880 
feet, and each flanking span one of 1,020 
feet, Ilia king the total length of the bridge 
[)ruper (i.e., exclusive of the approaches) 
4,920 feet. Tncluding the approaches, it is 
H,'S60 feet long. T\w maximum grade is 2.48 
per cent. The vertical clearance above the 
wat<T is 170 feet, and the totiil height of the 
towers ahovc the same is al>()ut ()3() feet. 
Each half of the main si)an and each anchor- 
arm are composed of four crescent-shaped 
trus^, the chords of which are tlie sus]>on- 
sion cables, consisting entirely of eye-bars, 
and the webs of which are rigid members. 
I The layout is so made that the tension in 
^ the cables will always exceed the compres- 
sion on the chords of the trusses, rmidering 
any stiffening of these mcanbers unneoessaiy. 
^ It is intended to make these cye-bars of 
£ some alloy steel tiiat will give a minimum 
elastic limit of 80,000 pounds per square inch 
in tiie finished ban. Mr. Hodge counts uih 
on being able to obtain such metal by flay- 
ing, if necessary, an exceedingly high price 
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for it; but if some experiments on 
steel that the auth<»r has in contemplation 

prove successful (as ho thinks they will, if 
they can be mad(»), the desired eye-bars will 
be procurable at a very reu6oiiable cost. 
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The following are extracts irom Mr. Hod^r's report of March 18, 1913, 
to the New Yoik State Bridge and Tunnel Ckimmkaion ooaoeming the 
proposed structure. 

**Wc have a«suiued tiiat the bridge should have a capacity for eight lines of rapid- 
transit trains, there being two tneks far iubwiy temins, two for ckratod-nflwiy trdns, 
two for New Yodc Cilot) trolkj cub, and two for New Jeney (ov«riMfld) Mlegr can; 

and in addition th^to we have provided two driveways, each 36 feet wide and having 
a ei^adtj for four vehicle abreast, and there will be two Sidewalks, each 8 feet widc^ 
giving a spli'ndid point of view for pedestrians during navnl parade? and fhf river 
pageants. Thf total moving loud of all Uncs of travel, when ^simultaneously loaded ^ 
is assunu'd lo In- twenty thou:?and pounds per lineal foot of bridge. 

**We have atisumed the clear height over the river to be 170 feet, which is 35 feet 
hi^MT than aiqr of the bridges over the East River, and this win reqiure a grade of 
Qi^jr 2.48 per sent fnm Ninth Avenue to the New York pier, and thenoe kvel 
to the Hudson County Boulevard Loop in We^ia^en. The dear distance between 
the piCT-head lines of 1897 at this Hile is 2,730 feet, making a span of 2,,S,K0 feet from 
centre to centre of towers, wln'eh will make the longest spnn in the world, biit thor- 
oughly pruetieul from the point- ot' construction, erer tidu. athi expense. Tlie total 
length ol tlic bridge, including approachoi, is 8,330 feet irom Isiath Avenue, iS'ew York, 
to the Boulevard in Wediawken 

"A suspension type has been adopted as being the most practical and eoonooiieal 
for this type of span. 

"The towers will be of steel, reaching a height of about six hundred feet above 
the water. The main cables will be stiffeiuHl with seeonrlarv e:i!)les and web membeTB, 
and the atu horages will be ( arried into the natural ledge ro<'k on each shore. 

"All lin(».s of travel will be on the Siune lev«'l, thus allowing puKsengei-s from any 
train or trolley car readily to transfer to any other hnc in cjise of a block. The tot^ 
width of the Ikxir will be 204 feet» end it will have a greater capacity than any bridge 
3^ eonstmcted. 

"Tlie reid csUiio require<l for the approaches will not be very expensive, jis on the 
New York side the land in this vicinity is largely imoccupied, and in New Jersey there 
will only have to b(; secured an casement to pass liigh over the West Shore Kailroad 

freight-storage tracks. 

"In New York it is proposed to buy the land between two crohs streets from the 
livw to Ninth Aveniie» thus avoiding all abuttmg damagt^, and after the stnietuie is 
eompieted the greater portion of this land can be used tor plsg^raundsy public.build- 
ingi» waiduMiaes, or any other cUujs of buildings. The value of the necessary real 
estate has been arri vihI at by increiising the assessed valuat ions by the USUal allowanocs* 
The total estimated eo-^t of the entire undertaking Is ss foUows: 



"River i^pan and anchor spans $27,1<H),(K)0 

Approaches 1,900,000 



Total structures $29,000,000 

Engineering and contingencies 2,900,000 

Real estate 4,800,000 

Interest during construotion 6,300,000 



Total cost $42,000,000 



"Construction on this type of structure can be carried on at many points simul- 
taneously, and we estimate that the entire work can be completed in six years from 
the time work is commenced." 

In October, 18U0, the late Goo. S. Morifion, Past President of the 
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American Society of Civil Engineers, presented to that eoriofy n paper 
entitled "Suspension Bridges — A Study," and it was discussed by Messrs. 
T. C. Clarke, Joseph < r. Francis ColliIlg^vu<)d, Theodore Cooper, E. 
Gybbon Spilsbury, and \V . U. Breithaupt. The paper, like ail of Mr. 
Morison'a writudgB, is both able and valuable to the engineering profeasiony 
as are likewise the discussions thereon. It will pay well any one intet^ 
ested In the subject of suspension bridges to read thoroq^y both the 
memoir and the discussions. The basis of the paper Is a stuc^ for a 
bridge to cross the North River, the main opening thereof being 3,080 
feet, and the backstays being unloaded. The live load was 11,000 pounds 
]>er lineal foot over the entue structure, or but little more than half of 
that for Mr. Hodge's later design. The essential feature of the Morison 
design was that the cables were not to be built of strai^t wires but of 
wire ropers, socketed at the toi>s of the towers and in the anchora^t s. 
The ends of the stiffening trusses were to be anchored down, and there 
were to be four cables. Mr. Alorisoa esliaiated that it would require 
five years to ctmipiete the structure. 

Mr. Liudenthal's design for this crossing was made in the late eighties, 
and was ilescribed by him in a paper, entitled "The Economic Conditions 
of Long-Span Bridges with Special Reference to tlie Proixxsed North River 
Bridge at New York City," and read before ihv American Association for 
the Advancemrnt of Science. It was published in Engineering Nem for 
November aud December, 1889. 
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MOVABLE BIUDGES IN GENERAL 

Movable spaas are required in bridges crossing iiavigiible streams 
when they are not high enougli to provide proper clearance for passing 
vessels. Before taking up the subject of movable structures, it will be 
well to consider the relative advantages and disadvantages of liigh and 
low bridges for the crossing of grent rivers. As a nile, there is very little 
difference in the first cost of a lugh and of a low bridge for any such cross- 
ing, what little there is generally being in favor of the latter ni\d seldom 
amounting to more than ten per cent. Each pier of a low bridge is cheaper 
than the corresponding pier of a high bridge; but this saving Is offset l)y 
the cost of the pivot pier, which is extra. The superstructure of a low 
bridge may be a trifle lighter than that of the correflpODcliiig high bridge, 
but the more expensive metal work of the draw span generally overbal- 
anoes this. It is in the low, short trestle-approaches that the low bridge 
costs less than the high one. As these approaches are generally built of 
untreated timber, they have to be renewed about once m every eight 
years, and the cost of theur renewal is a regular fixed charge, which lessens 
the annual net hicome from the bridge. Herein lies tfie superiority of 
the low bridge for such crossings. Nor is this its only advantage; for, 
by its adoptkm, there is avoided considerable climb at each end of the 
structure. On the other hand, the low bridge involves some expeDse for 
operation in excess of that for the high bridge, which is quite an impor- 
tant matter when there is much river traffic, but which is of slight im- 
portance when the draw has to be opened only a few times per season, 
as is the case uvith bridges over most western navigable streams. Every- 
thing coiusidered, whenever there is any choice between a high and a low 
briilge, especially when the stream does not carry nnich traffic', the au- 
thor favors the low bridge, not so much because of its smaller lirst cost, 
but mainly on account of the less exjx iix* nM juired for maintenance. 

The history of movable liridges goes back into the dim and distant 
past, t(jr bascules were used over the moats that surrounded castles dur- 
ing the Dark Ages, and the iK)ntoon bridges of the Komans undoubtedly 
had portions tliat could be removed in order to permit the passage of 
vessels.. It was not until the advent of timber trusses that it became 
possible to build structures acro.ss navigable streams of some size, and 
Mien arose the problem of providing a pasvsageway for both vessels and 
bridge traffic. Bascules operated by hand power were first employed 
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for this purpose, but as they were necessarily limit o<I to very small opea- 
ingn, the next step was the evolution of the swing with either a pivot €r a 
turntable; and whea iron and steel took the place of timi^er, it was natural 
tiiat the wooden rotating draw abould be copied in metal. For many 
years the swing bridge served its purpose esoellently, and even to-day 
it is stiU the most common kind d movable span; but with the advent 
of great business on the waterways its defects became apparent In 
lUttfow channels the obstruction of the stream by the pivot-pier and the 
draw protection is a serious matter as far as navigation is concerned, 
and in many cases it affects materially the hydraulic regimen. Again, 
the tune required for opening and closing a swing in a crowded dty ia 
far greater than the populace is willing to submit to without protest. 
Besides, the dock front ad|jacent to a rotating draw is not available for 
busmeas. On these accounts the various lands of lift bridges were evolved. 

In this and the three fcdlowing chapters, all of which deal with mov* 
able bridges, the treatment has been made general and descriptive; for, 
as explained in the Preface, it has boon arranged that the author's former 
partner, Mr. Harrington, is Pfxm to write in ditail a complete and ex- 
haustive work on the subject of "Movable Bridges." It is mainly for 
this reason that these four chapters on the subject do not illustrate any 
details. 

Movable bridges may be divided into the following classes: 



1. Ordinary rotatijig tlmwTH. 

2. Uob-taUed swing spans. 
8. HorifontaMoUiiig dmwB. 
4. Sbeafixjle dmwB. 

6. Doub]< , rotating, cantOsverdiawB. 

6. Pull-back draws. 

7. Trunnion ba.'-' Mlc-bridgeB. 

8. RollinK ha.«rulc-!)riti^cs. 

9. Jack-knife or folding bridges. 

10. Vertical lift-bridg». 

11. GymtoiyUftrbTidges. 

12. Aerial feniea, transporter bridcosi or t r a n A onkun, 
18. Floating or pontoon bridges. 



The OFdinaiy rotating draws will be dificussed at leni^th in the next 
chapter. 

The bob-tailed swing span is a variation of the ordinary rotating draw 
formed by shortening one of the arms and counterwdghting it so as to 
balance the structure about the two principal vertical planes containing the 
axis of rotation. It is not a common type of construction because of the 

objtrtionjible feature of unbalanced wind loads, to which it is generally 
sul)j<'ct('tl. It i** needed in those loe{iliti<'s where the pivot pier is at or ne:ir 
one bank and \\ licre the shore arm, if of the usual length, would interfere 
with buildings or prevent the use of valuable property. As far as the 
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cost of oonstruction is concerned, there can be but little, if any, economy 
in its employment; for the extra cost of the machinery necessitated by 
the unbalanced "wind load added to the cost of the counterweights must 
offset the net saving in cost of superstructure due to the shortening of 
a moving tarn and the corresponding lengthening of the adjacent approach. 

The horisontal-foldlng draw is such an objectionable style of railway 
bridge coastniction as hardly to merit even a passing notice. It is, of 
necessity, applicable to only very short spans. It consists of a pair of 
girders spaced about five feet centres, with the rails attached chrectly 
to the top flanges, stayed at intervals by hinged struts like a parallel 
ruler, each girder being hinged at one end to the abutment Ufxm which it 
rests, with the other end tied hack to a short tower. Such an arrange- 
ment permits the ginlers to revolve latei;illy ne:ir!y ninety degrees, one 
bearing being located in advance of tiie other so as to make sucli a large 
rotation possible. Blocks are ustnl under tliC outer ends of the girders 
to receive the live load reaction and thus prevent any moving load effect 
upon the tower. It would be difficult to design a structure more crude 
or uiLsatisfactory than this; and yet it is said that there are still many 
such bridges scattenni throughout the New England States. In addi- 
tion to its general loose-jointedness this type of movable span has the 
exceedini^y dangerous feature of bemg wholly without track ties or real 
lateral bracing of any kind. What would happen to both it and the 
train in case of derailment of passing wheels would not be at all difficult 
to prognosticate! The unstiifened condition of the top flanges of the 
girders is a violation of an important requirement in scientific bridge 
designing. In case of a wreck involving either the loss of human life 
or personal injury, caused by a structure of this type, the jury should 
certainly find the railroad officials guilty of criminal carelessness for per- 
mitting buch a glaring broach of safe conistructiou to reuiaiu on their 
road. 

The shear-pole draw is somewhat siniihir to tlie horizontal-folding 
draw, but is not quite so objectionable, as it permits of the use of a floor. 
It has a single leaf turning around a pivot at one end, the other end, 
while swinging, l)eing suspended from the top of a two-hogged shear-pole by 
rods which are connectcnl to a pivot tliat lies directly over the pivf)t below. 
The shear-pole is stayed by guy rods. When the bridge is closed it forms 
a simple spaa supported at both ends. The employment of this type of 
opening span is not to l3e recommended. 

Very few double, rotating, cantilever draws have yet been constructed. 
There is one, built many years ago, across the canal at Cleveland, Ohio; 
and a number of them at various times have been suggested and figured 
upon, including once a large one by the author. The advantages claimed 
for this type of structure are a wide waterway and the retreating of either 
span without serious injury when struck by a vessel before it is fully 
opened; while its disadvantages are excessive first cost, ambiguity of 
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live load stress distribution, and tiie double cost of operating two inde- 
pendent spana. It is recognized, of course, that when electricity is used 
as the motive power, both spans can be operated by one man by means , 
of a submerged cable; but in no ease is it advisable^ on account of pru- 
dential reasons, to handle a moving span without a man upon it to man- 
ipulate the machineiy and to act quickly in emergencies. This question 
of single and double operation arises also in the case of double-leaf-baaeoie 
bridges. The double, rotating, cantilever draw ccmsists of two swing 
spans, differing but little from those of the ordinaiy type, eadb resting 
upon a pivot pier and meeting at mid-channel, where tlMy are (or should 
be) lodsed together so as to make the adjoining ends deflect equally and 
simultaneously. The other end of each swing span is locked to the mar 
soniy of the outer rest-pier, ifduch has to act as an anchorage for the * 
oantilevered live load. 

Fig. 28a shows a lajyout of the Ckiveland bridge refened to above. 
It is described quite fuUy m Enginmring Nmo$, Yd. XXXIV, page 83. 

It is not absdutely necessary to make the shore arms of the same 
length as the channel arms, because each or either swing may be a bob- I 




Plo. 28a. Double, Rotating, Cantilever Draw Bridge over the Cuyahoga Bhrer at 

Qevelaiid, Ohio. 



tailed draw. In that case not only should the short end be counter- 
weighted but also there should be added near its eztremitya vertical sur- 
face of sufficient area to equalise the moments of the whid pressures on 
the two arms about the axis of rotation. The locking gear at the meeting 
ends of the two swings is.an awkward and unsatisfactoiy detail to design. 
The most perfect device for this connection must, of necessity, be more or 
less loose and clumsy; and it is likely to give trouble in operation. While 
this type of bridge cannot be as rigid as the ordinary swing span t^-pe, 
nevertheless it is posnble to make it fairly satisfactory and effective. It is 
not probable that many such fltnietures will ever be buOt, because there 
are other and better types of movable spans, some one or more of which 
will iiKH't any special conditions better and more economically than the 
double, rotating, canti lover driiw. 

The pull-back draw i.s also a verj^ unusual typo, and will always be 
so, for the reason that the first cost is great and its operation is expen- 
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alve. This type may be divided into two dasBes: first, struetures with 
one span over the entire opeiung, and, second, structures with two spans 
over the entire opening meeting at midchannel, as in the case of the 
double, rotating, cantilever draw. The first class requires a truss-bridge 
nearly, if not quite, twice as long as the width of channel between pier 
centres, the bottom chords thereof running on two groups of rollers that 
travel just half as fast as the bridge when the span is moved longitudinally. 
Atthoufl^ the diore,arm may be made shorter than the channd arm, still its 
weight mnist be sudi that its moment will be somewhat greater than the 
tipping moment of the weight of the channel arm just as it leaves the 
farther pier. A disappearing platform will be required so as to leave 
space un the approac h for the shore arm to move back, or else the whole 
bridge will Imve to be rotated slij:5htly about a horizontal axis so that it 
can roll up onto the ai)proa( h. luther method is very clumsy, and the 
operation of the bridge constHiucntly must be slow. The double pull- 
back draw is simihir to the single pull-back draw just described, except 
that the far end of each span has to be anchored down to a mass of ma- 
sonry when the bridge is closed and rc^ady for traffic, and the ends meet- 
ing at mid-channel must be locked together as in the case of the double, 
rotating, cantilever draw. 

In the competition for designs for a movable structure to cross the 
entrance channel to the harbor of safety at Duluth, Minn., held about a 
quarter of a century ago, the author prepared and submitted a plan for 
a double, pull-back draw-bridge; and although he evolved a structure 
that would have worked, he was far from satisfied with the design, and 
in consequence, submitted another for a vertical lift — the first bridge of 
that type ever propoeed in America for the passing of high-masted vessels. 

In connection with this competition thm was an amu ^p g occurrence 
that illustrates the general futility of having engineers compete on plans. 
Designs had been called for on the basis of using the pull-back draw, the 
prise being one thousand dollars in cash and the engineering of the struc- 
ture. The author's design for a vertical-lift bridge was selected by a 
Committee oi five of Duluth's leading dtiaens as the best and most satis- 
factory of all the plans submitted, and it was decided to build upon it, 
provided the consent of the War Department could be secured. The 
chairman of the conmiittee was a Norwegian, and a Norwegian engineer 
had submitted a design for a single-leaf, pull-back draw of imunmoth 
proportions and a monstrosity in more ways than one — for instance, the 
railroad trains had to enter the structure on a twenty-five degree curve 
through one of the panels of one truss! Just think of steam railroad 
trains on such a sharp curve and what an invitation for derailment and 
disaster such an arrangement would be! A derailment there, even if it 
did not destroy the bridge entirely, would block the chaiiiiel completely 
against navigation until the wreck could be removed and the structure 
repaired. The oomznittee was tox^y in favor of the vertical-lift design, 
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but the president was insistent that his countryman receive the one thou- 
sand dollar prize, which he did by a compromise— the author being re- 
tained for a two thousand doUar fee to prepare preliminaiy plans for a 
vertical lift to submit to the War Department, with a pitnnise of the 
engineering on the usual percentage basis for compensation if the appli- 
cation proved successful. The excuse given for not awarding the cash 
prize to the designer of the vertical lift was that "it pulled up and not 
back." In Engineering News, Vol. 27, page 168, and Vol. 28, page 390, 
will be found descriptions and estimates of cost for the various designs 
submitted in this competition. The outcome of the whole affair was that 
a six'cial conmiittee of U. S. Army engineers derided against permitting 
any bridge to be built across the entrance to the harbor of safety, toning 
down tlieir adverse decision by terms of eulogy for the vertical-lift design. 
Years afterwards, however, the War Department permitted the buikling 
at the crossing of an aerial ferry, as being less dangerous for navigation 
than any other type of l>ridge. 

There is described in tlie Knghieen'ng Record of July 31, 1897, a double 
pull-back draw over the River Dec at (^ueensferry, Scotland. It provides 
a clear opening of one hundred and twenty feet, and cost about $70,000. 
It is of the telescopic type, i. e., each half of the opening span pulls back 
and telescopes into the approach span. This bridge must certainly be 
lacking in rigidity, and the transferrence of the wind loads to the piers 
can only be done by transverse bending of the truss posts of the approach 
spans, as the passage of the movable arm through its interior effectively 
precludes any attempt to provide vertical sway bradng except at the 
far end. If the vertical posts are properly figured to carry transversely 
the excessive wind load required by the British standard regulations, 
their sections must be enormous. Because of its inferiority to several 
other types of movable bridg(\s, it is more than likely that no more struc- 
tures of the pull-back type will ever l)e constructf^il. 

Truuniuii-baseule and rolling-lift bridges are treated at length in 
Chapter XXX, which deals with "Bascule Bridges.** 

Jaek-knift' or folding bridges were a ficak design that passed out of 
existence more than a flecade ago. Two of thnii were built in Chicago, 
but they proved to be so liglit and vibratory antl were so contiimally out 
of order that they were soon removed. Kacli half of a jack-knife bridge 
consists of two steel towers, from the top of which are suspended l)y tie- 
rods the two leaves of the floor. The^e are hinged together at their 
point of junction, and when the draw is to be opened this point rises, the 
other ends of the leaves move downward, and each half of the floor assumes 
the position of an inverted V. in this position a portion of the space 
between the piers is left free for the passage of vessels; and it was claimed 
that "the raised floors form effective guard gates." Unfortunately, 
though, the said guards are badly placed, as there is left in front of each 
of them a big opening in the floor for animals and vehicles to fall into. 
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Conoeming this type of Btructure in 1807 the author wrote thus in his 

"The jack-knife folding bridge is a type of structure which is not at all likely 
to bpcomo ♦^ommon. Thr-ro have been only two or thrrf of thorn built thus far, and thoy 
have bc< n often out of ohUt; inori;over, considering the size an l u rifrht of bridge, the 
rmichincrj' used is powerful and expensive. The load on the niachiaerj' while either 
openiog or closing the bridge is far ftom uniftmn, and the itmoture at timea afanoal 
aeems to groan from the baid labor. Tbe ehaiacteristio featura of the jauk-knife 
bridge 18 the folding of the two baaedle leaves at mid-length of same when tiie l»klge 
is opened. The loosc-jointcdncss involved by this detail is by no means oondudve to 
ri<ri'lity, Jievert helesK these struetures are stifFer fh:m one would suppose from an ex- 
nnnnation of the flrrnvin'^'^. The Canal Stn^'t Bridge, Chicago, is of this type; and its 
dcbigu is iUustratod in Eti^utAxrijig News of December 14, 1893." 

Anyonr desirous of leaniing moro concerning this defunct type of 
movable bridge is referred to ETtyin4^€riitg News, Vol. 25, page 486, and 
Vol. 30, page 480. 

Vertical lift bridges are treated at length in Chapter XXXI. 

The gyrator>' lift l)ridge is nnollier freak strueture — impracticable, 
uneconomic, l)ut exceedingly ingenious. The design was evolved and 
patented bj'- Eric Sweasson, l']s(|., C. E., of lMinneai)olis, for a crossing 
of "The Narrows" on Lake Minnetonka near that city. As far as the 
author knows, the proTX)sed structure was never built. It was described 
in Engineering Nem, Vol. 59, page 367. It consists of a pony-truss or 
plate-girder span suspended by trus.scd hangers frgm trunnions bearing 
on a tower at each abutment. The draw is opened by revolving the main 
roadway trusses in an arc around the horizontal longitudinal axis marked 
by the trunnions. The upper portions of the trussed hangers carry 
counterweights equal in weight to the suspended span so that friction 
and wind are the only forces for the nuichmery to act against. Motors 
and gears are placed in the towers, the said gears engaging with drcular 
lackB attached to the hangers aiSd extending over arcs of 180 degrees, 
00 as to control duectly the tunung of the span. When the bridge is in 
its normal position, wedges are to be placed under the extreme ends so 
that the live load will be carried directly to the abutments and not throu|^ 
the hangers to the trunnions. Solely on account of its novelty and the 
ingenuity employed in its evolution, the illustration given in Engineering 
NewB is reproduced in I ig. 286. This type of mova])le bridge is 
uneconomic in the extreme, the two mo.st expensive features being the 
excessive length of the moving span, as compared with the horizontal 
clearance, and the two sets of operating machiiu i v. If one will com- 
pare this stnicture with the vertical lift adopted as standard by the South- 
ern Pat ilic Railway Company and illustrated in Figs. 31/? and 31i, he 
camiot help being struck by the great ditTereuce in tiiu economics of the 
two types. Another objectionable feature of the "gyratory lift" is the 
tuming of Uie floor bottom upwards. This would preclude the employ- 
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meat of any kind of pavement, and would neoesaitatey for a highway bridgey 
the adoption of a plank floor--ft detail that Ib incompatible with firat-olaaB 
bridge construction. 

The aerial feny, transporter bridge* or tranAordeur, ia a type of ooo:* 
straction which may veiy properly be tenned a cross between a bridge 
and a f enyboat. From the point of view of effidency in transportatton 
it is decidedly inferior to the foimer but somewhat superior to the latter. 




Fka 28b. TbeOTntoiy lift Bridga; 



Its excuse for existence is solely that the navigation interests wiU consent 
to its bdng built in oertaui localities where a real bridge d any kind, 
except one of long span and great Tertical clearance, would not be pa«- 
mitted. It consists of two towers, an overhead span high enough to 
clear the masts of the tallest vessels, a track on the span, a car running 
upon tlie track, and a travelling platform susjiended from the car. 'J'hcre 
is but one structure of this t>7)e in Auk i i( a. hut a luimlicr <»f tlicin have 
been lnnlt in la)r(iiH'. The AnKTicau one. as alrcatiy nieiitiuncd in tliis 
chapter, crosses the entrance cliannrl t*i th(' h.'ir})or of safety at Duluth, 
Minn. A de.scri])tion of it is e:iv( n in i'-ihiim ( nmj News, Vol. 47, page 
227. It coiisists of a riveted tru&s span oi feet supported, on steel 
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towen restiiig on pUe and ooncreie foundationfii and having the bottom 
chord of the span 135 feet in the clear above high water. The feny-car 
is suspended by stSM riveted hangere from trades running on tracks placed 
within the bottom chords of the trusses. It is proportioned to carry a 
IumiUhI street car weig;hinK 21 tons and a live load of 100 pounds per square 
foot on all tlie floor spacr not occupied by the car. In Fig. 2Sc is given 
a .sketch of this bridge. It will be noticed that the ferr\'-car hiu< to cross 
not only the canal but also a driveway on each side thereof. At each end 
of its travel it pass(?s iiuside of the tower out of the way of ever^^hing 
and connects to a short ramp leading to tiie street. The f(Try-<'ar is 
operated by electricity at an ordinary speed of four miles per liour with 
capacity for mt)viiiM: much more rapidly shoukl the necessity arise. 

The first IraiLsbonlcur built in Europe is the one at Rouen, illus- 
trated in Fig. 2Hd. It was designed by a French engineer, Monsieur F. 
Amodin, and a Spanish architect, Senor A. de Palacio. As the iilustra- 
tion indicates, the overhead structure is of i\w susi>ension tyy)e, which, 
owing to the long span and light live load that generally are ruling factors 
in aerial ferr>' structures, is eminently fitted for the purpose. 

Other bridges of this t>')>e are as follows: 

Tran^Xfrdeur across the harbor at Marseilles, France, with a span 
of 541 feet and a car 33 feet by 39 feet. (See the Proceedings ef the 
InetUution of CM Engineers, Vol. 167» p. 404.) 

Transporter Brid|^ at Newport, England, with a span of 645 feet 
and a vertical clearance of 177 feet. (See same publication, page 406.) 

The Widner and Runcorn TraoBporter Bridge over the Meisey, Eng- 
land, with a span of 1,000 feet (see Proceedinge qf (he InMuUcn qf CivU 
Eftgineere, Vol. 105, p. 87). 

Cableway at Brighton, England, with a suspension span of 050 feet 
and a car capable of carrying only eight persons. (See Engineering 
Newe, Vol. 33, p. 67.) 

Transbardeur near Bilboa, Spain, with a span of 500 feet and a car 
capable of carrying 150 i)ass( iigers, the time for transit being one minute. 
(See EnqinciTing Ncirs, X'ol. 30, p. 260.) 

Tninshordrur at Hizerte over the Canal (Tunis) with a span of 3.58 
feet anil a car 30 feet by 25 feet. (See Lc Genie Cinl of Nov. 21, 19U3.) 

Trart.shoitli iir over the Loire at Nantes, France, with a cantilever sus- 
pen-siun span of 4*)0 feet and a car 40 feet by 33 feet. (See the Railroad 
GazeUe of August 26. 1904.) 

Transporter Bridge across the Manchester Ship Canal, ha\nng a 
clear span of 1,0UU feet. (See the tSciviUiJic American, of May 28, 1904, 
p. 420.) 

Transbordeiir at Martron, France, having a span of 460 feet and a 
car 46 feet by 38 feet. (See Le Cmie Civil of Nov, 21, 1903, p. 35.) 

The advantages usually claimed for the transporter bridge are as 
follows: 
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1. The channel to crosstHl is loft ontiroly clear at all hours, without requiring 
vessels to make any special signals or modify their rate of speed any more than they 
would in case of a croas-cfaannel feny. 

2. No increase of distance or ascent or descent is forced on the traffic in order to 
cross Ikom one shore to the other. 

The disadvantages are these: 

1. The limited carrying capacity of the structure. 

2. The long time usually required to cross. 

• 

If the author were ever called upon to design a transporter bridge, 
he would effect a great unprovement by widening the structure so as to 
provide for a double track and would cany on it four or more cars. These 
cars would alwajrs travel upon the right hand track, and would run onto 

a single track at each end of span where they would discharge and take on 
passengers. Again, he would use powerful electric; motors so as to travel 
at high speed. Hy these meiiiis, tlie carrving capacity of the bridge would 
hv multiplied many fold and the time recjuired for transit would be redneetl 
to a minimum, beciiuse the intervals between cars could readil}^ l)e made as 
small as one minute, recpiiring only sufticient time to imloiul and reload 
the foot passengers and vehicles. The car should be made double deck, 
the jx'destriaas being carried above; and the roadway should have a 
double track, the right one being for the use of a single street-<*ar and 
the left for two, or possibly three, wagons. At the end of the trip the 
car would leave first, and the wagons would follow inunediately, edging 
over to the right so as to permit of the ingress of the oncoming car, which 
ill its turn would be followed by wagons to occupy the left hand side. 
While the vehicles would be going off and others getting on, the upper 
deck could easily be emptied of its pedestrians and refilled. 

There is prevalent an idea that floating or pontoon bridges are em- 
ployed only in communities where the inhabitants are absolutely too im* 
pecuniouB to build a permanent structure, and that they are a makeshift 
in every sense of the word, are expensive to operate, and require much 
time to open and close for the passage of vessels. This |x>pular notion 
is not altogether correct, for there are some locations in which floating 
bridges with movable spans are not only legitimate construction but are 
truly economic. For instance, up to 190S (and possibly to the present 
time) the ("iiieago, Milwaukee tV: St. Paul Railway Comj>any was oper- 
ating four pontoon draw spans, two of them having been in u.se since 
1875 and <»iir siiKM- 1SS:». I'lu y api)ear to have given satisfactory service 
and to have j)roved ecoiioniiral. Their life has been about twelve years 
and their lirst cost aljout twenty or twenty-hve i>er cent of that of a per- 
manent structure. Concerning these C., M. ct St. P. K'y bridges, the reader 
is referred to Engineering News, Vol. ')9, p. 474. It is quite true that 
floating draws are usually expensive both to operate and to maintaiu, 
notwithstanding the experience of the C, M. & St. P. li'y Co. to the con- 
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trary. The governing conditions must have been more favorable than 
those often eneoimtercd ; for the author knows of a number of pontoon 
bridges that had to be abandoned soon after their completion because 
of excessive difficulty and escpense in midntenance. Pontoon bridges have 
heexk built from time immemorial and are still much used for military 
purposes. It is practicable to employ a floating draw with fixed ap- 
INPoacbes d either qmns or trestle; but, om account of t^e variation in 
water level, this expe^eat is reiaorted to generally only for temporary 
purposes. Pontoon bridges are often short lived, as the boats are occsr 
8loDa% carried far down stream during freshets, or are broken iq> by 
floating trees, logs, or vesseb. Under adverse conditions they are very 
perishable and are easily put out of conumssion* Xhere is one tyjMs of 
pontoon, though, that is a necessity in certain places, vis., those located 
at the ends of ferries where there are large variations in the water leveL 
Such structures, strictly speaking, may not really come within the wxrpe 
of this chapter. In Engineering News, Vol. 21, ptige 308, there is given 
a description with working drawings of a passenger ferry bridge for the 
New York, Lake Ki'm & Western lliulroad; and in The Knijuiaering 
Record, Vol. 48, p. 489, there will l)e found a very complete article treating 
of tlie New Orleans Railway Incline Bridge, 

In Tiie Erujineer of June 28, 1912, tiiere is described a novel and unique 
design for a floating })ridge across the Hoogly River between ( alciitta and 
HowTah. IncUa — in fact, there are two designs, quite similar in character, 
as illustrated in Figs. 28(; and 28/. The banks of the river ;vre of mud, 
and the bed is silt so loose as to be incapable of supporting with .safety 
any load whatsoever. On this account a floating bridge is a necessity. 
Mefisrs. Head, Wrightson & Co., the d( sijrners, have solved the problem 
in a masterly and clever manner. Each of their layouts consists of two 
approach spans of about 480 feet each and two bob-tailed swing spans 
having the longer arms 150 feet in length and the shorter ones about 70 
feet. At the shore ends the approach spans rest on masonry abutments, 
fmd at the river ends both th^ and the swing spans are supported by 
immense pontoons, each composed of eight water-tic^t steel cylinders 
15.5 feet in diameter and 220 feet long. In one derign this platform of 
cyUndm floats on the surface of the river, but in the other it is submerged, 
being 'firmly anchored into the mud by vertical rods attached to steel 
cylinders fflled with concrete and buried therein. In both cases the 
pontoons are anchored up and down stream by chains attached to similar 
buried (flinders situated some 400 feet above and below the bridge 
tangent. ,If the pontoons float upon the surface of the river, the outer ends 
of the shore spans rise and fall with the changes in water level, thus put- 
ting heavy grades in the track: but if they are submerged, the rising 
nmX falling of the water ha\e no appreciable effect on the superstruc- 
ture. Provision was made for repiiiiiiig or removing, oiic at a time, 
the various cylinders without interfering with eiiiier the traffic over the 
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bridge or the operation of the swing spans. For further details of these 
two designs the reader is referred to the columns of The Engineer, 

In Eni/ineering Newe, Vol. .70, p. 1,018, there is given a most interest- 
ing dfiseriptioa of the new jKxntoon bridge over the Golden Horn at Caa- 
'stantinople. It has a clear roadway of 46 feet and two 18>-fodt aidewBlkSy 
the total length between abiitnaentB being 1,630 feet. The swing span, 
which is hmged at one end, can turn through 180 degrees. It Is moved 
by propellers fore and aft, operated eiectricaDy. In the flanking portiona 
of the bridge the pontoons are placed longitudinally, (me on either akle 
of the structure; and they carry trusses spanning transversely of the 
bridge, on which trusses the floor rests. The movable or draw section 
of the structure has transverse pontoons which leave, when it is closed, 
two boatways, each 39 feet wide with i7.o feet of vertical clearance. 
The draw has ii length of 205 feet. 

To protect the structure-traffic when the span is open, gates should 
be provided at tht? ends of all movable spans of highway bridges. They 
should be arranged so as not to interfere with the traffic when the span 
is closed and so as (•«)in{)letely to block all pa.ssage before it begins to 
open, ^^^lere the traliie in both directions uses the same roadway, the 
gates are best arranged in pairs at each end so that one of each pair can 
be closed to oncoming veliicles and pedestrians and the others shut just 
as soon as the traflie is oil of the movable span. Where separate road- 
ways are employed for the travel in the two directionSy a single gate at 
each end of each roadway is generally used. These arc arranged so that 
the gates obstnicting the oncoming traffic are shut first: and the other 
gates are dosed against pedestrians as soon as the movable span is cleared. 
This same construction is adopted also for single roadways with light 
traffle in both directions that can be easily handled. In such cases it is 
not infrequent to omit the gates altogetiier, the bridge tender merely 
stretching a heavy rope across the roadway at each end. Various types 
of gates are emp^yedi those swinging in a horiaontal plane being the 
most common. The pivots are placed near the trusses; and when not 
in ute, the gates are swung up agamst the latter out of the way of passing 
vehidesi latching into place automatically. Various types of fading gates 
that are operated vertically sbout horisontal axes have been used, the 
main objection to them being the danger of striking passing vehicles and 
l>edestrians wlien tiiey are being lowered. This, of course, is not very 
impuriaut where gatemen are enipUmnl; but when the gates arc oper- 
ated from the maehinery house, it is a seritnis matter. The siune is true 
also of lifting gates wliieli are dropped across the roadway from above 
or raised from benealli the floor. 

The character of tlie construction of the gates "will depend on the use 
to which they are to be put. If they are merely to serve the purpose of 
a tell-tale, a very heavy gate is not needed; l»ut where provision is to 
be made for collision with a horse, wagon, or automobiiei a substantially 
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desigiied construction is necessary. Stofts should be provided at the ends 
of swingmg gates to hold them when shut. These may consist of pointed 
rods pivoted above the bottom of the gate aad stuck iato the pavement 
wiien the said gate is closed. The gates aie usually made of stnictund i 
shapes, although wood is sometimes employed. The horiioiitaUy-Biriai^ 
ing and the direct-lifting gates are generally of latticed constniction, while 
the folding gate is made up of an|^ flanges at top and bottom connected 

hinged parallel bars. Tlie operation may be effected by hand or by 
machinery oontroUed by the bridge operator. As a rule, gatemen are enw 
ployed to handle the traffic and to operate the gates as wdL This is the 
surest method of preventing aoddemts. With very heavy traffic the 
operation of the movable span and that of the gates should be done by 
different men, working with an efficient system of signals. 

The question of what is the best kind of power for operating movable 
bridges is not difficult to answer, for where electricity is available it is ] 
the best and usually the cheapest energy to employ. But then^ are i 
movable bridge locations where electricity is not avaihil de, and in Mich i 
cases the best power to adopt is that produced by a gasulinc engine. The j 
latter is superior to the steam ou^jiiie, l)ecausc ^^^th steam the fires must , 
always be kept going at great exi)eii.se for both fuel and attendance, but 
with a gasoline engine, except when the river traffic is very dense, ca.u.s- 
ing constantly-recurring calls for an open draw, there is no burning of fu(»l 
except during; operation. Stt ani niachinerj^ used to be employed (]U'te 
generally for operating swing spans, but no one nowadays ever thinks 
of adopting it. Hydraulic power has also been used in the past for oper- 
ating bridges, especially in Europe; but it unavoidably involved the em- 
ployment of such excessively expensive machinery that it never became 
popular. Compressed air has been adopted a few times in both America 
and Europe for operating swing spans, not, however, as a primary but 
as a secondary power. It is not lilcely ever to be used in the former 
manner, because the existence of an ind^)eDdent source of supply o€ 
comprooood air in the vieudty of a movable bridge involves a most im- 
probable combination of conditions; hence it would be necessary to com- 
press and store the air by an electric motor, gas engine^ or, possibly hy- 
draulic machinery in case there wss an available water power in the 
neighborhood. Electridty is certainly the ideal power for handling mov- 
able spans, especially when there is available more than one source of 
supply. If there be but one, and if the stream carry much traffic, as a 
matter of precaution the desi^ier should install either a storage battery 
or an auxiliary gasoline engine capable of operating the stmotare at 
moderate speed. 

AVhere natural gas is available and cheap, it is sometimes economic 
to adopt a giis engine; but even under these conditions it is diOicull lu 
compete successfully with electricity, especially when the items of interest, 
depreciation, and repairs are duly considered, for these are much greater 
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•wbok mlher gas or gasoline is used than when deetricify is the motive 
power. The much greater weight and heavim* iiibration <rf the gas engine 

or the gasoline engine as compared with the electric motor militates ma- 
teriaUy against its employment for operating bri<lgL\s, because it costs 
money to support weiglit even in the tower of a swing span, and excessive 
vibration is certainly a disadvantage that should not be ignored. 

In Enginurrnij News of Oct. 13, 1910, there is a paper by S. F. Nichols, 
Esq., E. E., who is an acknowledged authority on electrical engineering, 
entitled "The Electrical Operation of Drawbridges." His statements con- 
cerning the superiority of electricity as the motive power are so clear 
and conclusive that the author takes the liberty of quoting from the 
said paper as follows: 

''Tile deetmniotorhaa many pomts to teoomiiiei^ l%m 
wry l^t and oompact> and it is very conveniently reversed. It is capaUe of floa- 
taining a very heavy overload for short petio^ wfaioh enables it to take care of the 
very difficult problem of accolorat iii^ -i h«>Hv-\' mass and-Hlso of operating the bridge 
iifraiii.st liijih wind pn's.sums that may occcusioaally be experienced. It is ahnost noiseless 
in operation. It n*quireji coinpamtively little attention, and when periodically inspected 
the poaBibility (A its getting out of order and refusing to work is very remote. 

"Being compact, it can be located very ckMe to the point where the power muet 
be need. Hub makes it po«ibIe to kMsate the operator at the most oonvenient pffff^l^iffft 
from the standpoint of accessibility or where the best view can be obtained of the river 
or railroad or highway traffU*. The motors can be located on a moving portion of the 
structure while the operator's bouse is k>cated on the fixed part." 

Mr. Nichols' statement regarding the overload capacity of a motor 
applies, of course, to direct-civrent motors only; but the other points are 
true for alternating-current motors as well. 

For bridges of importance it is certainly good practice to have as 
many sources of power as possible available for use In an emergency, 
and if both electric current and an independent source of energy can be 
furnished, the duplication is well worth the extra cost that it involves; 
for reliabilitj' is the prime (Icsidcratiun to be attained. 

In respect to the amount of power requirtxl for mechanically operated 
bridges, tliore is a good rule given by Albert Henry Smith, Esq., C. E., 
in his discussion of Schneider's paper on "Movable Bridges," viz., to allow 
one horse-power for each fifteen tons uf weigiit to be swung. This pro- 
vides ample margin for taking care of excessive winrl pressures, and gives 
j)lcnty uf power to open and close the bridge rapidly- Tho nilo was ps- 
tablished for swing spans; and it applies very well on tlie avera^^c for 
vertical-lift bridges, provided that the figured tonnage inclydes the coutUer- 
weiyhU and all moving parts. 

No matter what kind of power may be employed, every movable span 
should be provided with a means for operating it slowly by hand in order 
to meet the possible emergency of the failure of all other powers. 

It is often necessary for an engineer to make a rough or hurried esti- 
Biate of cost of power mstallation for a movable span. Of oourssi this 
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win vary greatly with the numerous ruling conditions, especially tiie 
time of operation; but assuming them all to be averages of those usually 

encountered, the author has i)r( pared the diagrams recorded in Fig. 28g, 

which show for swings, vorticiil lifts, and bascules the first costs per 
weight unit of 100,000 pounds for powor installation. These curves, 
which are applicahlo to diroft-^nirrent and gasoline engine hut not to 
altemating-c'urrent ojKTation, are reconunendod for use in preliminary' 
estimates only, as each individual case should sooner or later })e workrd 
out accurately after all the conditions have heen thoroughly and 
finally determine<l. With alternating current the cost of power installa- 
tion will be about twenty-five per cent greater than that for direct 
current. 

The best kind of movable bridge to adopt for any crossing will de- 
pend greatly upon the conditions that exist there. Generally tho vertical 
lift or the ba.scule is superior to the swing for the following reasons: 

First. Either of the lifts provides one comparatively large clear open- 
ing instead of the two smaller ones involved }>y the swing. 

Second. It offers less obstruction to the flow of water, owing to the 
absenoe of the draw rest and (generally) also to the amaUer number of 
piera. 

Third. The cost of maintenance b less because of the neeeaaty of 
maintaining a perishable draw rest for a swing span. 

Fourth. The danger of the span's being struck by passing vessds is 
much greater in the case of a swing than hi that of dther kind of lift. 

Fifth. The time of operation is two or three times as bug for a swing 
as for either style of lift. 

Sixth. The lifts generally afford bett^ automatic adjustment of the 
railroad tracks than do swing spans, although with proper preeautiona 
there should be no danger of accident on account of derailment caused 
by improper track adjustment. A serious accident from this cause 
occurred at Atlantic City on October 21, 1900, in which a uuuiber of 
people were killed. 

Seventh. The swing bridge often interferes with adjacent valuable 
])roi)erty. which neither tx^x? of lift does, Ix^cause the location of lifts 
is always confined to the city street or the cfnupany's rightK)f-way. 

Eighth. In case oi future enlargement oi i)ridge to accomm(Klate an 
increase of traffic, tlie swing bridge has to be torn down and rebuilt, while 
a vertical lift or a l)ascule can simply be dupli'- ii - i i .lionghid*'. 

Ninth. The wider the roadway of a swing bridge tlie more oi)struc- 
tive does it become to navigation, while the widening of a lift does no 
harm thereto whatsoever. 

Tenth. In passing vessels with \o\y masts a swing has to open just 
as fully as for a high-masted craft, which is not the case with a vertical 
lift or a bascule. In this regard the vertical lift has a decided advantage 
over the latter in that the deck remains horiaontal. 
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Eleventh. In sand-bearing streams the protection works for the pivot 
pier cause a depasit of sediment and thus often tend to obstruct navigation. 

Twelfth. Generally speaking, the first cost of a swing bridge ia more 
than that of either the vertical lift or the bascule, although there are 
occasional exceptions. This question is discussed at length in Chapter 
UII. 

Comparing the vertical lift with the bascule, the former has a few 
advantages, among which may be mentioned the following: I 

First. The floor is alwaiys horiaontal, permitting tiie use of a Uock 
pavement, which cannot well be employed on a bascule. 

Second. Great wind pressure during operation has no appreciable 
effect on a vertical lift, while it may cause serious delay to a bascule, or 
even, under extreme conditions, prevent its operat;ion altogether. 

Third. As previously indicated, the vertical lift does not have to 
rise so high for low-niastcd passing craft sm does the bascule, and iiius 
it saves a small amount of time. I 

I\)urth. In railroad bridges when the moving span is down it acta 
just like any fixed span as far as ojxTation under trafrie is coneerned, 
which cannot be said for either the ba.srule or the swing; or in other 
words, for raikoad traffic the vertical lift is the most rigid of the three 
types. 

Fifth. In case of a shifting channel, it is feasible at very moderate 
expense to make a number of the spans alike and to arrange, f<ir any lime 
in the future, to have the towers and machinery taken down, trans- 
ferred, and re-erected so as to lift any one of the said equal spans. This 
could not by any poesibility be done in the case of any other type of I 
movable structure. 

Sixth. The vertical lift, when its towers do not rest on flanking spans^ 
lends itself readily to a future raising or lowering of the grade line in a way 
that no other type of movable span can poesibly do ; for all that is necessary 
is to change the elevation of its bearings at the four comers and to modify 
slightly the transverse bradng of the towers. If a change of grade be 
anticipated when the plans are being prepared, provision should be made 
therefor by increasug adequately the heights of the towers; but if at 
any time the grade on a vertical-lift bridge of the type mentioned, for 
wldch no such preparation had been made, has to be raised to such an 
extent that the required dear headway wiU be interfered with because 
of the countoweights reaching the new decks of the approaches in the 
towers, the result desired can be accomplished by arranging for a small 
portion of the said ai)j)roache8 to move either laterally or vertically out 
of the way of the count^^rweights whenever a very-tall -masted vessel has 
to pass. For any other vessel, liowever, the.se moving approaches would 
not have to be utihzed; consequently, they would very seldom need to 
be operated. 

Seventh. As explained in detail in Chapter LIU, for large bridgeii, long 
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opeaing spans, and expensive substructures the vertical-lift bridge costs 
less than the bascule. 

In the 1908 Transactions of the American Society of Civil Engineers 
there is a masterly paper upon the sui>ject of "Movable Bridges," by 
Piust-President C. C. Sehneider; and no one who aims to be a bridge 
engineer can afford to neglect studying it thoroughly. 



CHAPTER XXIX i 

SWING BRIDQIB 

Thxbs are three general claflses of revolving draw bridgeoy via., the 
rim-bearing, the centre-bearing, and the combined rim-bearing and centre- 
bearing. In each of theae clnmeo a bridge may be either equal armed or bob* 
tailed. Again, rim-bearing draws may have either one or two eupporting 
points per truss at the pivot pier. Centre-bearing draws are generalty 
arranged so as to cany the dead load on the pivot and the live load on either 
a drum or four carriages formed of groups of roUera. Combined rim- and : 
centre-bearing draws carry a |)ortion of the dead load on the pivot and 
the remainder on a drum, with the live load supported as in the last 
described case. Swing bridges maj- Ix* classified also as to the character of 
their main girders thus — plate girder swings; o|K'n-webhed, rive ten 1-girdor 
or rivetetl-truss swings; .'irid ))in-('()nn< cte(l-truss swings. Another general 
division of swing hrid^^cs is in relation to their continuity or the n-vrrsi^ 
for the travel of liv(> load shear across the pivot ])ier. Most structures 
are more or less continuous in this ngard; but a few have been designed 
and built in such a manner that, when the enrls of the arms arc raise<l 
to their normal position for tlx- -p ui closed, the two lialves of th«' struc- 
ture an' ontirelv iiulcpendi nt ol each other in respect to all kinds of load- I 
ing atnl all coiitlitions thereof. Many years ago the author designe<l a 
small swing span of this kind. It was oiK'rat(Ml by man power, and re- 
quired 80 much time and energj' to lift the ends adefjuately tnat he ha.s 
never repeated the exixTimeat. Other engineers have tried similar de- 
signs, and, undoubtedly, with equally unsatisfactory results, l>ecause the 
type has not persisted. Once more, swing Spans may be divided into 
through, half-through, and deck. 

In addition to these various classes of swing spans one will occasion* 
ally run across some freak design that, if perpetuated, would form a class 
of its own; but such abnonnal variations from general practice are either 
still-bom or very short lived. One of the most glaring cases of this kind 
is described in EngineerinQ News, Vol. 29, p. 141. Its characteristic fea- 
ture is the floatmg of the movable span by means of a water-tii^t steel 
tank working loosely in a similar shell encased by the concrete of the 
pivot pier, the space between the two shells being filled with water. Set> 
ting aside the abnonnally high cost of such a contrivance, just think of 
what would happen should the inner shell spring a leak or should the 
water freeze 1 It was suggested by someone to use mercury instead of 
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water, but that would prove a costly expedient, for mercury is expensive, 
and it has a bad habit of evaporating wh^ exposed to the air. This 
freak design won the first prize in a competition on plans at Sydney, 
N. 8. W., in 1802, but the author has never heard that the bridge was 
conslnicted according to the said design. It is but fair to state that 
at Sydney there would be no danger of the water freezing. It is stupid 
awards of this kind that discourage expert bridge mgineers from com- 
peting on plans. 

With ail the preceding groupings it is evident that there are many 
possible kinds of swing spans differing from each other quite materially. 
The most common kinds are the rim-beariugs ones, and of these the deck- 
plate-girder and the riveted-tli rough -truss types are the most numerous. 
Half-through, plate-ginlor s\viii^;,s on ur occjusionall\ , am I in times past 
pin-connected rotating (ira\v> wrrc v<tv coninioii; but of late, as explaine<l 
at length in Chai)ter XXXII, n\ttt'(l lruss<'s have supplantrd pin- 
connected ones in spans of ordinary length, antl, indcrd, often in (jiiito 
bng spanu; and thiii statement holds good for movable as well as fur 
fixed bridges. 

The choice lx?tween rim-bearing and centre-bearing swings is almost 
entirely a matter of taste; for there is no great dilTerenet? l>etween them in 
the cost, what litt le t here is being in favor of the lattur. In general it may 
be stated that while the rim-bearing draws are often more rigid and stable, 
the centre-bearing draws move with less friction. In respect to tlie mini* 
mum tlimensions for pivot piers, the centre-bearing structure has some- 
what the advantage; but with the type of rim-bearing draw that the 
author has for many years been building, in which the diameter of the 
drum is equal to the perpendicular distance l)ctwcen central planes of 
trusses and in which there are provided at least eight points of bearing 
for the span upon the drum, the saving in substructure cost by adopt- 
ing the centre-bearing type is not great. Since writing De PonlUmSf th? 
author has had occasion to modify his opinion concerning the compara- 
tive merits of rim-bearing and centre-bearing swings, because the latter 
type has been so materially improved in the last two decades that it has 
today a slight advantage in \yoth initial cost and ease of operation over 
the former; Imt he still adheres to the adverse opinion expressed in that 
treatise concerning swings that diviile the load between rim and pivot. 
While it is not impossible to Imiid sati.>l;n-t(jry l)ritlg;es of that type, there 
is always a certain amount of anibi<;uity in regard to tlie division of the 
loaf! l>etween those places. The choice between rim-]»eariiij^ and centre- 
hairing swings will often depend upon the character of the [)iv<»t pier. 
In a late alternative design for the moving span of the Pacific Highway 
Bridge over the Columbia Kiver near Portland, Oregon, which is being 
engineered by the author's firm, ihv swing span was made rim-bearing, 
and the pivot pier was a six-foot-thick shell of concrete covered by a 
reinforced concrete cap four feet thick, the foundation for the pier being 
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von- lonp: piles. This construction was estimated to cost somewliat less 
than a pivot-bearinp; swing supported by a solid pier. Tliat there are 
still conflicting opinions among high authorities concerning the relative 
merits of the rim-bearing and the centre-bearing swing can be ascertained 
by oomparing the opinions of C. C. Schneider, Esq.. Consulting Bridge 
EiDgineer, as expressed in his paper on "Movable Bridges" presented at 
the April 3, 1907, meeting of tlie American Society of Civil Engineere, 
and of C. H. Cartlidge, Esq., Bridge Engineer of the Chicago, Burlington, 
and Quincy Railway^ as stated in his paiper, " Tlie Design of Swing BridgM 
from a Maintenance Standpoint" presented at the April 18, 1906, meet- 
ing of the Weatem Society of Engineers. 

Bfir. Sdineider says: ''The centre-bearing type, designed in accord* 
anoe with good modem practice, offers more advantages than the rim- 
bearing type, and should alwi^ receive the first consideration m detennin- 
ing upon a design. It requires less power to turn, has a smaller number 
of moving parts, is less expamwe to construct and maintam, requirea 
less accurate construction than the rim-bearing bridge, and does not aa 
easily get out of order. The structural and the operating or madunery 
parts are entirely separate, and when the bridge is dosed it forms either 
two independent fixed spaas, or a fixed span, continuous over two op<*n- 
ings, resting on firm, substantial supports. There are nu ambiguities in 
the calculations in reference to tlie distribution of the load, and the dis- , 
tance requiretl from base of rail to masonry is generally less than that 
required for a rim-bearing bridge with pn)])er distribution of the loa<i 
over the drum. Any irr(»gular bcltlemeut oi the ma£>uQr>' doa^ not ma- 
terially alTect its o]XTation. 

"On the oilu r hand, the rim-bearing bridge requires a circular jrirder 
or dnim of dillK ult and exi>ensive construction, a ring of accural !y- 
turnod rollers, and circular tracks, which require great care in their eon- 
struetion and delicate adjustment in their erection in order to make the 
bridge operate satisfactorily, ilepairs are trouljle.some and expensive, 
and any irregular settlement of tlie masonry will throw the whole turning 
apparatus out of order." 

On the other hand, Mr. CartUdge says: "The liter's experience ^ith 
centre-bearing draw-apans has been such as to prejudice him against them 
for Bpuns of any magnitude. It seems difficult at any reasonable cost to 
proportion the pivot-bearing so that it will not wear; and any wear on 
a pivot-bearing is expensive to repair. On one draw the wearing away 
of the bronie bearing m the pivot allowed the upper and lower <*^Mttmgff 
to rub, making the turning of the draw a very noi^y operation, while the 
few wheels provided to steady the span while turning were overloaded 
and cut the circular track badly." 

It is a difficult matter to choose between the opposing dicta of two | 
such eminent authorities. Mr. Schndder's experience, extending over an 
unusually long professbnal career, has been mainly in designing and 
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manufacture, and Mr. Cartlidge's in erection and operation. Mr. 
Schndder is of the opinion that c^tre-bearing bridges are adapted for 
single-track structures of any span, but for four-track bridges and heavy 
highway bridges carrying wide city streets they are not suitable; while 
Mr. CarUidge would use centre-bearing swings for short, light spans, and 
either rim-bearing or combined rim-ead-centre bearing swings for long, 
heavy ones. 

Mr. Cartlidge's explanation of how he divides the dead load between 

rim and centre shows how uncertain must be the true distribution. Re- 
ferring to one of his bridpces lie says: ' The beams bearing on the centre 
casting are dt signeil to earrv hah* the dead load to the casting. The ad- 
justment of the load is by means of shim plates between the l>eams and 
the top of the pivot. The adjustment is made during erection, the beams 
first being allowed to rest on the roll(Ts with the centre casting clear. 
The centro tli( n jackt'd v.p wviW the linini just clears the wheels. After 
noting the amount of tln' . shims to halt its amount arc put in and the 
beams lowere(i to permanent bearing. This is, of course, only an ap- 
proximate method." It certainly is only approximate; and when the 
adju.sting is finished, the ratios uf load division will be somewhat uncer- 
tain, but nothing like as much so as later after the pivot-bearing has 
begun to wear, for the raore it wears the greater ^^^ll i)e the share of the 
load carried by the rim. The author certainly prefers either the centre- 
bearing or the rim-bearing swing to the hybrid design. As before stated, 
his practice has been mainly (and especially in the early portion of his 
professional career) confined to rim-bearing swings, nevertheless he has 
become convinced that centre-bearing ones, everything considered, are 
the best; for he has had troubles of his own with rollers getting out of 
adjustment. Mr. Cartlidge says: "One great advantage which accrues to 
a centre bearing is that of ease of turning; and while everjrthing is new 
and in adjustment this advantage is realized. Should there be any ex- 
ces.sive wear, however, this is .soon lost, and it is necessary to make bearing 
areas as large as practiciible, in order to prevent such wear. 

"The compli( atioiLs involved by the u.se of a rim-bearing centre are 
more tiieoretical than actual, us expeneuce with spans of widely var>'ing 
leii^h ha,^ demonstrated.** 

It is fjuite evi<l( iiT that both rini-lx'arin^r and centre-))earing swings 
have Kiveri considerai)le trouble in ojH'ration in times piust; but the au- 
thor is of the opinion that those of (Mther type, designed and built today 
in strict accordance with specifications that are based upon the accumu- 
lated knowledge concerning the weak points of old structures of the said 
type and how io avoid them in the future, would give equally satisfactory 
service — but, as before indicated, this conclusion does not apply to the 
hybrid type. 

The weak points ia the rim-bearing swings were too shallow and in- 
adequately stiffened drums; adjustable radial spider rods held to spacing 
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by light ban or light channeb; centre castings insuffiqkmtly anehored to 
the masonry; track segments too thin or of cast iron, or botii; inade- 
quate connections of track segments to drum or masonry or to each other; 
faulty contact between track segments and drum; spider rods of too 
small diameter; unscientific connections of brackets to-drum; and im- 
properly designed operating machinery. 

The weak points in the pivot-bearing swings were centre bearings of 
cone-shaped rollers or balls, failure to provide proper slidiiig surfaces, and 
excessive Ixuiring pressuros. 

The necessity for dci p drums has already been dwelt upon, shallo\\* 
ones never having been a weakness of the author's. Schneider stat^ 
that the depth of the drum should l)e not much less than one-half, iu 
no case less than four-tenths, of the distance Ix'twecn the eciitn'S of suj>- 
port. There should be eight supix)rts for single-track and twelve for 
double-track swings. The trouble that e.ime from adjustable spider rods 
does not exist in modern rim-bearing swings; for tho detailing has l)een 
fundamentally changed by using a stitT ring of two channels held to gaugt? 
by batten plates passing between the wheels, vnih rigid radial arms rivetetl 
to it and to the pivot ring. The wheels run on short asdcs, adjustable 
radially, and have tool steel or bnmxe washers to prevent their l>cing 
turned by friction and, consequently, put out of adjustment. Centre 
castings are now being made more substantial than th^ were formeriy, 
and are being buried for most of their length in the concrete that forms 
the top of the pivot pier. Track segments, too, are being made thicker 
and are much better connected to each other and to the metalwork and 
the pier than they used to be years ago, consequently there is now more 
perfect contact between rollers and drum. One of the greatest improve- 
ments, though, consists in providing adequatdy and scientifically de- 
signed operating machinery and connecting it firmly and rigidly to the 
structural metalwork. In centre-bearing swings the cone^haped loUm 
and the ball-bearings have been abandoned, and bearing disks of ample 
sise and satisfactory material are being employed. 

There is a feature of constniction of old type drums that is deserving 
of passing notice on account of its glaring inefficiency and crudeness of 
niamiiacTurc, viz., the insertion of a so-called "nist joint," composefl of 
iron turninfjs or filings and acid, between the flange of the drum and the 
upp<'r track segments. It u>e(l to be made from a (juarter to a half inch 
in thickness. an<l it invarialjly sooner or later was s(iueeze(I out wheti tlie 
intensity of ])re<sure upon it was large. The manufacturers who eniiiloyed 
it dill so In-cause they claimed that it was inip(issible to produce a close 
bearing in any other manner. Fortunately, the detail is now a thing of 
the past. 

Truss swing spans are almost invariably of the through type, primarily 
because the deck is usually kept as close to the higli writer elevation as it 
is safe to go, and secondarily because even when the fixed spana ol the 
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bridge are deck» H paiys to make the swing spaa through so aa to let smaU 
craft pass beneath without the necesnty for opening tlie draw to let them 
go by. A good example of this is the author's railway bridge over the 
Mamnee Hivor near Toledo, Ohio. It is so high above the ordinaiy 
stage of water that most of the passing craft go beneath it, thus saving 
the constant breaking of the railroad track which would have been 
ne c o a rit ated had the swing span been made deck. 

In respect to the power required to operate rim-bearing draw-spans, 
the author for many years has used an average of the Boiler formulae, viz., 

0.0125 Wv 



H. P.= 



550 



where W total load on rollers in pounds, and v = velocity on pitch 
circle of rack iii ii'<'i jicr .second; but in the .specifications of Chapter 
LXX\ III (Clause 87) there is given a more detailed method for making 
the computation. 

The author (thtaiiud a fine clieck on the correctness of the Boiler 
formula when ti >tiiig the (lraw-s])an of hi.s JelTerj^on City higiiway bridge. 
This >\)[in of 440 feet weiglis ()0(),UOU ]K)unds. and was opened by four men 
in four mijiutts and fifty seconds. Thf power apphi^l by the men was 
measured ])y dynamometers, and from tlie lengtli of their f)ath and from 
their i)ull the horse-power was computed. It proved to be just a little 
less than unity; so near, in fact, that it was called unity. The velocity v 
wasy on the average, O.U)ti leet per second. Substituting in tlie formula 
gives 

H.P. - 0.0125 X 660,000 X 0.066 -i- 550 » 0.99. 

It is possible that, if the experiments were to be made again, a greater 
divergence from the formula would be foimd, for the reason that the 
bridge i.s liable to work more easily after it has been operatcfl a while. 

Ct)nc(Tning the methods of computing live load stresses in swing-spans, 
the author, in 1897, wrote thus in De Ponlibus: 

"Candidlv. the author has verj' little faith in even the approxiiimte tornrinpas 
of the ortliiiury methodB of cumputing live-load stretjscs in druw-spaua; nur luus he 
mudi mofe in the guperrefined methodB iny<dving the principle of kast work, or 
Btretehmg of the different truas memben, or the principle of the Three Moments with 

vniying momenta of inertia. In his o|iinion, there is but one satisfactory mcth<M| of 
aBOCrtaiiiirm tire nartions for both balanced ami tiribaJanceii loads, viz., by making 
lanto modi i.s of a number of spans of v:iri(»us lenjiths, and weighing tlu-rewilh the re- 
actioas for all kinds of loading. l*r<)ni :i series of e.xperiment.s of this kind there wuld 
be prepared a diagram or diagnuus, similar to that ::iliown on Plate IX, which would give 
approximately correct reactions for all spans and all loadings. Such an investigaticm 
would reqiiire ooosidenble time and money; but if some profewor of dvU engineering 
would undertake to make the experiments, he could undoubtedly get the models built 
free of dwrge by dividing op the work among several of the Uuiding bridge manu- 
facturing companiec The reHult.'^ of sn' !i t Trv rini< ';«- would be of great value to 

kotk tha awimiwftr intr nmf waainin aOld tbo Xlulroad& OL Amftr i mL. '* 
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Later the author persuaded his friend, Prof. Malverd A. Howe, the i 
weU-known engineering writer, to make the suggested series of experi- 
meatB on end reaotionB horn balanced live loads upon a rather-large- 
scale wooden model of a swmg span having four points of support ' IVoC. 
Howe lepofted that all his experiments gave a phenomenally dose agree- 
ment with the reactions as computed by formula and as indicated on 
the diagram just mentioned, which gives the proportions of end le- 
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Fko. 20o. Reactions for ^^Iw*^ Loads on Rim-bearing Dnw-spsas. 



actions for balanced live loads when the swing has four points of sup- 
port. It is reproduced in Fig. 29o. That diagram was prepared in the 
late eighties by the author, in opiK)sition to the advice- of his then-asso- 
ciated engineers, who claimed that it would not be accurate enough for 

all cases, as it was leased uixjii avorape relatioiLs of span and mid-panel 
ien«^ths; })ut after they had tried it for use in computing swing-span 
stresses, they reported that it gave so close an agreement to the result* 
of the formula that they were perfectly satibiied. Fig. 296 gives the 
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proportions of reacUon for single loads in swing spans having only 
three points of support. The employment of these two diagrams will 
save the computer much labor in figuring live load stresses in rotating 
draws. 

In (icti'rmiiiiiig the dead load strcsKen in swing spans, it is customary 
to as.<uaie lliat the draw is oix'u; but the author also assuuK s, as pre- 
viously mentioned in Chapter V, that there is an upward reaction from 
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Fio. 29b. Reactions for Ce&ti«4>eariDg Draw-:spaiiB. 

I the lifting machinery at the ends, and finds the stresses therefrom; then, 
when any such stress tends to increase the section of any member, it is 
considered; but whoi it tends to decrease the section, it is ignored. This 
method may involve some errors on the side of safety, but they are of 
minor importance. 

The designing of a drum for a turntable is a matter requiring much 

I care. The load coming upon it should be distributed as much as possible, 
and all concentrated loads should be taken care of by a sufficient number 
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of stiffeners of ample ase and thoroughly attached. The girders over the 
drum should have not only ample stoength and stiffening but also the 
ptogee omnparative rigiditaee. The greater the number of pdnte of sup- 
port, the more evenly will the load be distributed to the drum and rollers; 
and the deeper the drum, the better the distribution. As an extra foot of 
depth of dram costs maeh less than one foot of height of invot per it 
stands to reason that it is better, whenem practicable, to make the drum 
much deeper than the calculations for strength and stifiEness demand. 
The only good reason for not adopting in evecy case an excessive depth 
is that so ddng might place the roUers bdow the level of bii^ water, 
and thus render the structure liable to injury frofuk dnft, and tiie madmi!" 
ery to being blocked by an accumulation of mud imder and between the 
wheels. 

When the vertical distance l>etween high wat(M- and the lowest part 
of the l)ottom chords is small, the longitudinal and cross girders can be 
placed with their bottom fl;ing(*s flush with the lower surface of the saitl 
bottom chords, and tlie drum can be built inside of the box thus formed, 
so that its lower Hange angles will be flush witli tiie bottoms of the said 
girders. But if the vertical clearance ))f» great cnou^li to jx'rmit it, the 
box should rest on the tlrum at cither four or. j)n'lVriibly, eight points. 

Many designers rest the tower jK)sts directly over the drum, thiLS 
making tlie diameter of the latter about forty per cent greater than the 
side of the square upon which are located the axes of the tower colnrnns. 
Other designers let the sides of the square intersect the circle of the drum 
80 as to divide the lat ter into eight equal parts, thus making the diameter 
of the drum about eight per cent greater t han the side of the square. The 
author's practice for more than two decjides Invs been to let the diameter 
of the drum equal the side of the square, obtaining eight points of support 
by inserting four small girders in the comem of the square, at an^es of 
forty*five degrees with its sides. As the cost of a jner varies veiy nearly 
as the square of its diameter, it follows that this method of designing drums 
for rim-bearing swings effects a great saving in the cost of the (Her as well 
as uoL that of the drum. OccasionaUy it will give a piw of very small 
diameter in comparison with the longth of the draw-span. The remedy for 
this, provided the pier have the requisite stability agamst overturning, 
is not to increase the pier diameter but to anchor the draw-qmn to the 
pier in such a manner as not to interfere with the turning, but so as to 
offer an effective resistance to any tendency to lift the span off its sup- 
port. In the cas<» of the .lelTerson CMty highway britlge, the length of 
the draw-sp;in is fonr hundred and forty feet, while the diameter of the 
drum is twenty-t wo feet — the same as the perix^ndicular tlistance between 
central planes of trusses. Such a ratio of span length to drum diameter 
is too great for safety in case of a stron^^ lifting wind acting on one arm 
only, for such an u])lift would have to am(»iint to only twelve and a half 
pounds per square foot of iioor in order to throw the span oii the pier. 
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It was, therefofe, neoenaiy to anehcv the spaQ to the pier fay meaiui of 
a long four^noh bolt paflBing through a wide heavy castiiig which ii em- 
bedded in the conerete, and pruj(x;ting at the upper end between two 
beams and through a saddle and a heavy washer-plate. The nut on the 

anchor-bolt is turned down so as nearly but not quite to touch the said 
washer-plate, thus causing no obstruction to turning the draw, but mak- ' 
ing the anchorage always ready to resist tlie slightest tendency tu lift 
the span. 

The limiting ratio of length of span to diameter of drum that can be 
employed wit hout using a cent ml anehoi agt' { annoi well be determined 
by rule, but must always be left to the judgment of the designer. It 
might suffice, perhaps, to speeify that, wlienever the uplift on one arm 
only necessarj' to upset the draw is less than fifteen pounds per scjuare 
foot of flcMjr in situations exposed to high witid-pres.sure, or less than 
ten pounds in other situations, an anchorage shall be adopted. In the 
case of three of the author's swing bridges on the Kansas City Southern 
Railway, the span length is two hundreil and twenty-five feet, and the 
diameter iA the drum is only seventeen feet; nevertheless no central an- 
chorage was used. In these bridges the open floor reduces the uplift, 
and the situations are not such that the flpanawiU be «q)oeed to abnormally 
hig^ wind-i>re8sure6. 

Heavy draw-epans should be operated by two or more pinions; and 
when these are plaoed, as they should be, diametrically opposite each other, 
some kind ol apparatus oui^t to be used to equalise liie pressure on the 
innkms, otherwise both the latter and the radc are liable to have their 
teeth broken. The reason for this is that it is impossible to make the 
toQtiiing of the rack so perfect in the distance of the semi^circumferenoe 
tiiat opposite pinions operated by a single shaft shall at all times acteijually . 
When electrical machinery is used, the equalising can be done by adopting 
independent motors; but with other machineiy, some kind of mechanical 
equalizer should be employed. The author many years ago designed one 
for the first-built swing-span of the East Omaha Bridge, which worked 
to perfeetion. It was made by cutting the engine-shaft and attaching 
to each end a bevel-gear wheel. These bevel-gear wheels engage with 
two small pinions which are inserted between the spokes of a large spur- 
wheel that turns loosely on the engine-shaft. If we assume the pressures 
on the main rack-pinions on each side nf tlic drum to be constantly equal 
to each other, the two halves of the engine-siiaft will always have the 
same angular velocity; but in rn^r the pressure on the teeth of the two 
rack-pinions on one side of the drum should fall below that on those 
of the two rack-pinions on the other side, the spur-wheel will move slightly 
on the shaft until the rack-pinions receive equal pressure again. By this 
apparatus equal pressure on the teeth of rack and pinions is at all times 
insured. The author was convinced of the necessity for such a device 
by watehing it when the span was bcfing turned; for several times during 
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each quarter rotation the Uttie pinions on the spur-wheel would make a 
sudden movement of surh magnitude aa to indicate a ccmsiderable yaria* 
tioa in the spacing of the nick-teeth. 

In deaigning draw-cipaiis with high towera, especially loDg, double- 
track ones, there is an important matter that is sometimea overiooked, 
via., the tendeni^ of. the end dC the unloaded arm to liae when a moving 
load is on the other aim. For on^e-track bridges the only harm thai 
this would do would be to pound the end bearings; but for a double-track 
bridge it would certainly some time cause a serious disaster tiie derail- 
ment of an oncoming train when the other track on the other arm ia 
covered by another train. Before desigiimg the 520-ft. draw-span for 
the East Omaha Bridge (see Fig. 52k), the author looked up this matter 
as well as he could, having heard of tr(juble Ix'ing experienced from rising 
ends on a iloul)le-track draw-s[)an l)ut little shorter than the one then 
conteni])lated. The results of the investigation were rather contradictory, 
consequently the design was made with three features that were conducive 
to resisting the raising of the ends, viz., ( xtra-<l* ( p trusses at Ixjth imier and 
outer hips; stiff, continuously riveted top ciiords l)etween these points; 
and an end-lifting apparatus capable of raising the ends one and a half 
inches. This was the best- at tlmt time which the author could do to 
avoid the difficulty; but at the same iimv. lie figured upon usuig later 
a holding-down apparatus in case the necessity therefor should ever arise. 
This span has at present only a single track at the middle, and the high- 
way cantilevered floors are not yet put on. Observation has proved that, 
with one arm loaded by a train and the other arm empty, there was no 
rising of the ends when the latter were properly supported. Some years 
after the completion of the bridge as first built, an inspection qhowed that 
the timber cribs, which were then used as a temporary siqyport for the 
swing span, had so shrunk vertically, on account of ih» seasoning of the 
wood, that the end roUecs barely touched their bearings, necessitating 
flome shimming thereunder. This conditian of the endi aiSdrded an ex- 
cellent opportunity to note the rise with one arm only loaded by aa en- 
gine and enough cars to cover the said arm. The amount observed wis 
three-eighths of an inch. From this it may be concluded that with ma- 
sonry piers and the completed superstructure, and with a hoist of one 
and a half inches by the lifting gear, there is no chance for the ends to rise 
from their bearings; for, to cause such a rise, it would take a live load 
just four times as large as the test load, which is more than could be 
placed on tlie double-track railway, wagonways, and foot walks. Haci 
the bridge been built with shallow trusses and with eye-V)ars in a portion 
of the top chords between outer and inner hips, as was the similar bridge 
which was reported ixs giving troui)ie from rising ends, it is probable that 
similar difficulty would have been found in this structure. 

Some engineers may think that, liecause each span of a draw is fig- 
ured as an independent span for unbalanced live load% on the assump- 
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turn that the longitudinal tower rods are so small as t(j carry no vcrtiral 
shear past the drum, tliere should be no tendency for the end of one arm 
to ri.se when the other ami is loaded; l)ut such is not the ci\m>, as the 
tendency would exist if there were no longitudinal t4>wer rods at all. The 
rising, for instance, of the rip;ht-hand end, induced by a live load on tlie 
left-hand arm, is evidently due to the fact that the inner liip of the left- 
hand arm moves to the left and downward a small amount. This movo- 
inent causes the umer hip of the right-hand arm to move to the left and 
upward a siniilar amomit, and, as a result, the eud of the right-hand arm 
tends to lift. 

In erecting draw spans, some method of adjustment must be provided 
so as to bring the ends to the correct elevation. This is accomplished 
by placing a group of thin plates under each bearing on the rest-piers. 
Two decades ago the metal manufacturers deemed it to be absolutely 
necessary in spans of more than 200 or 250 feet to provide also an ad- 
justment for each bottom chord of each arm near the drum by inserting 
vertical transverse plates at the splice of the chord to the longitudinal 
gjrder 'over the drum. The sole reason for this detail was the cmde 
shop work of those days; but some twelve years or more ago when de- 
signinj^ the second swinji^ span of the J^ast ( )aialia Hrid^:e (then the longest 
draw si)an in the world, and exceeded today by only one sjjan of a lighter 
stnicture that is one foot longer), the author, deeming that the shop 
work of the /\jnerican l^ridge Company had impr()ve<l sufficiently to 
warrant the change, omitted the chord adjusting ])lat(s and relieil en- 
tirely ui)on those under the bearings on the rest-])i( rs. Tliis rorjuired 
very careful calculations for defhM ticm, because any material error miglit 
have put a break in the grade over the rest pier too great to work out by 
dapping the track ties. Fortunately, the experiment was a success, and 
ever since t hat time the author has followed in his practice the precedent 
thus established. 

In all swing spans there must be some kind of arrangement for lifting 
the ends when closed. Numerous mechanical contrivances have been 
anployed for this purpose, including rollers, wedges, screws, eccentrics, 
cams, hydraulic rams, and toggle joints. The requirements for a satis- 
factory lifting apparatus are as follows: 

i irst: It siiould provide suilicieiit power to rai^s the eudi) to the required height 
wiihiii a rr-xsonahle lime. 

iSecond: The energy lost through friction should be a niinimum. 

Third: The redstaiice to the mecbaiUGal effort should be fairly uniform. 

Fourth: The beBring afforded finally after the ends aie raiaed should be solid and 
substantial, similar to the pedestals in a fixed span. 

Fifth: When the span is closed it should be free to nx»ve longitudinaUy under 
changes of temperatuxe. 

The most common details for lifting the ends are the traiLsverse roller, 
the longitudinal roller, and the wedge. The hrst mentioned was the one 
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in penonil until ubout twenty-five years ago, then the tliird gradually 
rephiced it. The seeonc.! mentioned device is not at all common, but has 
been employed for a number of years. Its advantage over the first type 
is that the actuating toggles are more oouvenicntly piaoed, l3^ng close 
to the bottom chords instead of beneath the end floor-beamjs. The wedge 
requires more power to operate than the roller but affords a somewhat 
better bearing. Bevels for wedges vary from one in ten to one in five, 
Schneider preferring the steeper pitch. The mechanism for moving the I 
wedges should be designed so as to make the resistanee to motkm nea^ ! 
uniform during all stages of the ]ifting» and so as to lock them in otdet \ 
to prevent thor sliding backward. In small centre-bearing swings^ ea- 
pedally in hi^way structures, it will suffice to have the lifting apparatus 
at one end only, thus producing a sligiht tipping of the span; but it is 
evident that such an arrangement would not suffice for a long span, 
because it would produce an unequal distribution of load on the rollers. 

In the old forms of end tifts the nut traveling <m the horisontal screw 
was of steel without bushing, and at tunes of heavy duty, especially 
when the weather was warm and the span deflected abnormally in conse- 
quence, this nut sometimes became welded to the screw; but bushing with 
phosphor-bronze has been found to stop this trouble entirely. In all 
swing-spans exceeding two hundred and fifty feet (or better still, two 
hundred feet) in total length there should be a nest of longitudinal rollers 
over each bearinp; on the rest piers so as to jxTmit of tlie unimpede^l 
expansion and contraction of tlie span. The roller nests, preferably, 
should be attached to the moving span instead of lying permanently on 
the piers. 

In centre-bearing swings there are two methods of carrying tlie weight 
to the pivot, viz., by suspension and by superposition, the former being 
preferable. Its advantages are that it brinps the point of support nearer 
to the centre of gravity of the bridge, that the disks can easily be removed, > 
examined, or replaced without interfering with traffic, and that it pro- , 
vides an* eai^r method of adjusting the height of the span. It is best to 
use phosphor-bronse disks between two hardenednsteel disks; for the sur- 
faces of the latter in contact with the phoq;>hor-bronae cannot wear out, 
consequently the wearing is confined to the alloy disk, making it the onljr 
part outside of the operating machinery which will ever require replacement. 

All railroad swing-spans must be provided with some kind of defvioe 
for liftmg the rails, in order to permit them to swing dear of the approaches 
when the span is rotated. That designed by the late Geo. S. Moriaon, 
Past Pt^dent of the American Society of Civil Engineers, has been uaed 
very generally. 

As indicated in the preceding chapter, just beyond eeuch end of every ' 

swing-span (or of any other movable span) for highway traffic there should 
be provided a sul)stantial and quickly operated gate or portcullis for the 
prevention of accidents due to animals or vehicles ruiuuu^ oil the upeu 
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end of the approach. Failure to supply such a device has already been 
the cause of the loss of many lives and much valuable property. 

The tops of all pivot piers should be so desigiied as to drain thoroughly 
by pitching the upper surface from ttud centre toward the periphery, and 
by provkUng an adequate number of weeping pipes that pass below the 
loweivtrack segments. 

In designukg all parte of the turntable, tiie operating machinery, and 
the girders over the drum, great care is neceesaiy to ensure that eveiy 
piece and every connection are made sufficiently strong and stiff; for 
there are involved certain bending moments, torsions, and secondary 
stresses that used often to be overlooked, the result being loosened con- 
nections, broken rivets or bolts, and machinery out of order. The truly 
aoentific designer nowadays will give due consideration to all these un- 
usual conditions and will meet them by using ample sections for all 
parts and a liberal supply of rivets in the connections. The attachment 
of gear-brackets to the drum used to he the detail that gave most trouble, 
l>ec:iiis<' of tlii^ great beiuliiig nioint iil induced by the turning of the down- 
shaft when the span was operated agaimit a strong, unbalanced wind 
pressure. 

All man-power machinery should be made vor\' strong, because if 
anything prevents the apparatus from operating projjcrly. the men are 
likely to crowd upon tlie levers wherever they can iind room and surge 
thereon to their utmost rapacity. Once when oper:itin^; by hand the 
first-built swing-span of tlie East Omaha Bridge, using two sets of six 
or seven men on each of the two four-armed levers, it failed to move. 
Immediately upon finding the imexpected resistance, they all stepped 
back a few feet and threw themselves with full force upon the levers, 
the result being the same ns }>efore. The author stopped this instantly, 
and upon investigating foumi that the two sets of men were working 
against each other. By starting one set in the opposite direction the 
span was readUy put in motion. This example is given to show how 
ignorant workmen will abuse machinery, and the consequent necessity 
for making all man-power apparatus extra strong, notwithstanding any 
opposition that may be offered thereto by bridge manufacturers or other 
interested parties. If the specifications given in Chapter LXXVIII be 
strictly adhered to, and if due consideration be given to all the existing 
conditions when designing operating machinery, ample strength, rigidity, 
and endurance will be attained without any great unnecessary eiqienditure 
of metal or shop work. 

As a drawbridge is a piece of machinerj^ it will require a certain amount 
of care, for otherwise it \v\\\ get out of order and give trouble just at the 
wrong time. It should be opcncil at least once a month, and all ])arts 
which move on other parts, especially the wheels and tracks, should 
be kept clean and well lubricated. The lower rolling surface for the 
wheels should be kept free from all obstructions, and the wheels should 
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be maintainod in proper adjustment. The operating machinery also 
should receive due care and att^^ntion. In respeet to those details of 
design of swing spans which afTect materially the fjut^stion of mainten- 
ance, Mr. Cartlidge has exprcssiKj liis opinion in his l>efore-mentioned i 
pa]x>r, and as the author concurs in it without exception, it is herewith ' 
reproduced as follows: | 

"It may be laid down as a gen^ul rule tiuit there should be absolutely no ailjusiable 
membere in the tranes. AD ports mbjeot to oonqilBfee nrersal of sbmep should be stiff 
niMnben and hm, aa farms poaAh, tiveled oooneotions. No pin-ooDaeeCioos dKndd 

be employed save for eye-bar members. Thit » pnrtioularly true of the eonoeetioo | 
between the end of the lower chord and the foot of the end post. The CQOStant rcvenal 
of Htrt'ss at this jioint, due to Ufting and lowering the ends of tho draw, ven,' soon dovolops 
serious wear on the i)ins and pin-hfjlcss. With a properly designed riveted oonnecUon, 
no play being possible, tlicn* will be no difiiculty. 

"In draw-epan design, pi liiapa to a greater degree than in any other, simplicity and 
rigidity aie the prime lequirites (o eeonomi c al cperatioii and mamtoiance." 

In making prdinunaiy estimates for the cost of bridges on a railroad 
the question sometimes arises as to how the total weight of metal in a swmg 
span, including that of the operating machmery, compares with that In 
a sunple qpan of the same total length. This question cannot be an- 
swered with accuracXi mainly on account of the personal equation of the 
designer; but, in general, it may be stated that for spans of one hundred 
feet the weights are about equal, and for spam of five hundred feet the 
swing with its machinery requires seventy-five or eighty per cent of the 
amount of metal in the fixed span, as can be seen by referring to Fig. oBee. 

But if the question he one of comparative costs of the superstrut tures 
of swings and fixed >{)aiLs, that is (piite a different matter; lxK*ause the 
mac liinery metal of the former in place is alwut two and a half times as 
exix»iLsive ]>er pound a.s the ordinary' structural steel, making the averag;o 
pound price for the erected metal of a draw from one and a half centii tc» 
two cents liiirlicr than that of the corresponding fixed sjian. Again, tho 
prece<ling ligurcs do not allow for the cost of electric motors or gasoline 
engines; hence it is (»vident that the t(>t:il cost of a swing span Ls always 
greater tlian that of a simple .span of thi; same length. If the operati«m 
is to be done by man-power, the ratios of total costs will vary (mm 1.4 
for spans of 200 feet to 1.13 for spans of 5(K) feet . If the cost of mechanical | 
power l>e included, these figures would be about 1.5 and 1.2. 

The economics of swings as compared with other kinds of movable 
Spans are tn ated in Chapter LIII, and the specifications for designing 
them are given in Chapter LXXVIII. 

In Chapter LV there are given directions for finding the weights of 
metal per lineal foot of span for the various portions of smog bridges and I 
for the spans as a whole. 

In Chapter LXXVIII there vs givoi, in the portion of the specifiea- 
tioDS relating to draw-bridges, much information conoeming stgrka of | 

i 
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bridges for Tarious span lengths, licights of towen, depths of trusses, panel 
lengths, loadings of all kinds, combinations of stresses, details of desifi^ 

for varioiLS styles of swings and their turn-tal)les, openitinK ukk hinery. 
p^nvor (leterniiuution. macliinor}' houses, etc.; and the reader who has a 
swing span to design is advised to read the same with care before starting 
his computations. 
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Tbm modem baacule span has for its prototype tlie drswbndfs of the 
medisval eastle. In ancieiit imm it served a double purpose— bfidging 
the moat when lowered and barricadhni; the doorway when raised. It was 

hinged at one end and raised by hand power; and, consequently, only 
short light spaiis could be utilized. Although these early bascules were 
counterweighted to some extent, the simple arrangement of weights at- 
tached to chains rumiing over pulleys and connected to the free end of 
the span did not provide a balanced system and, therefore, it was hard 
to start the bridge and hard to check its motion when nearly raised. 
In this regard these early t>T:>es did not measure up to the significance 
of their name — " biuscule" coming from the French nnd meaning a balance. 

0\Ning to the crude arrangements erf counterweights and tiic lack of 
amj)lc and convenient power for operating, the bascule remained in its 
primitive state until comparatively recent years. Most of the early 
types rotated about a fixed axis. Two exceptions were the 40-foot track 
girder bridge built at Ha\Te, France, before 1824, and another, rotating 
on a wheel, built at Breg^re. These were the forerunners of the modem 
rolUng lift bascule. An ear^ span of the trunnion iypo which gave 
practical service was the railroad bridge on the line of the North Eastern 
Railway at Selby, England, This bridge was built in 1839, and con- 
sisted of two fixed spans and two moving leaves which gave a 45-foot 
dear chuuiel when opened. When closed the bascules formed an.arch. 
For operating them a rack whed and liand power geanng were employed. 
Another trunnion bascule was the Enippei bridge built at Copenhagen in 
1867. Hydraulic power was used for operating this tipm, and cast iron 
pockets were provided for the counterweights, which were attached di- 
rectly to the lAiort arm of the rotating span and thus maintahwd a uni- 
form balance. In 1878 the Fijeenord trunnion bascule was built at Rot- 
terdam, Holland. It has a clear span of 75 feet. Each leaf is in two 
sections with four trusses to a section. The two outside trusses act as 
arches when the bridge is closed, while the two inner trusses carry coun- 
terweights on their short arms. The gearing can be operated by g;i.s, 
hydraulic power, or man ]>ower. Another trunnion buM ule is the high- 
way bridge built at Koenigsberp; in 1880. This bascule acts as a canti- 
lever when closed, anchors being provided at the piers to take care of 
the uplift on thf* t:iil ends of tlie Ic.ivcs. 

The hrst important bascule bridge built in the United States is the 
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Michigan Avenue Bridge at Buffalo. This is of the trunnion type with 
cables attache<l near tiie free end and running diagonally t<> pulleys at the 
top of the tower, over wliich they pass to large, cast-iron wheel-counter- 
weights. Th(^ hitter roll on a specially curved track so constructed that 
the component tension in the cahlos decreases as the lever arm of the 
centre of gravity of the leaf diminishes. Several bridges of this character 
wore built; but, other types proving more effioienti th^ constnictioii 
was discontinued. 

The modem era of bascule building may properly be said to have 
commenced with the construction of the Tower Bridge of Lcmdon in 1894. 
At the same time the Scherzer rolling lift bascule was completed for the 
Metropoiitaii £levatod Railroad over the Chicago River near Van Buren 
Street. Since that time the haeeule bridge has developed rapidly, and 
many different types, or rather subtypes, have been brought out. Where- 
ever heavy bridge traffic has to be frequent^ Intemipted by boat service 
the swing iMridge is no longer adequate, and the bascule bridge becomes 
one of the alternatives for the engineer to consider. The advaatages ol 
the bascule over the swing span are: 

1. Wide centre channel free from piers and pier protectiaii* 

2. Increased space for dockage. 

3. Rapidity of opening to permit passage of vessels and subsequent 

closing^ again for bridge traffic. 

For a general discussion of the comparative advantages and disad- 
vantages of the bascule with other forms of movable bridges the reader 
is referred to Chapter XXVIII. 

Modem bascules are comprised in three classes, viz., the trurmion 
type, the rolling lift type, and the roller bearing t^^pe. Any of these 
bridges may have either a single leaf or two leaves meeting at the centre 
of the span. For railroad traffic the single leaf is preferable, for it can 
be made to act as a simple spaa, when closed; and greater rigidity is 
th(T(4)y secured. 

In the trunnion type the centre of rotation remains fixed or nearly 
80| and is at or close to the centre of gravity of the rotating part This 
is a highly desirable feature where yielding foundations are unavoidable. 
In the rolling lift type the centre of rotation continually changes and the 
centre of gravity of the rotating part moves in a horiiontal line, thereby 
shifting the point of application of the load on the pier, which is a faulty 
feature, unless the pier be founded on rode The rolling lift in opening 
recedes from the channdi thereby leaving a greater dear waterway for 
the same span length than does the trunnion iiyjpe. However, it also en- 
croaches on the knd side, iriiich is objections^Ie m congested quarters. 
In the roller bearing type the centre of rotation remains fixed and coin- 
cides with the centre of gravity of the movbg mass. The trunnion Is 
dkoinated and the load is carried by a segmental circular bearing on 
roUers arranged in a ctroular track* In this way the load can be dia- 



Digitized by G< 



702 



BRIDGE ENGINEERING 



CHAPraa XXX 



tributod over greater area, thereby reducmg the unit bearing stresB; and 
at the same time the frictiooat resistaaoe to rotation is decreased. 

Much ingenuity has been exereised in devising various medianisms 

ami operating machinery in tiie attempt to overcome the several unsatis- 
factory features of the original hjiscules. This has \vd to diffen»nt s\il>- 
ty]>os or varieties. To the rullinK lift cku^s belong the Scherzer ami the 
Rail varieties. To the tnmnion class })elong the Strauss, lirtnvu, raiit', 
Chicago City, and Wadtiell & Harriiijrton varieties; and to the roller 
bearing clas.s belong the Montgomer>' Wadch ll and the Cowing varieties. 

In the Scherzer bascule (see Fig. 'AOn), the leaf. T^, rotates on the quad- 
rant Q, which rolls along i\m horizontal track girders, T. The centre of 
gravity, O, of the leaf is at the centre of this quadrant and, therefore, 
moves in a horizontal line as the bridge opens. A counterweight, W, is 
attached to the short arm projecting shoreward, so that the leaf is main- 



/ 




Fio. 90a. Schener Baseule. 



tained in balance at all podtions; and, consequently, the operating ma- 
chinery has only to overcome inertia and the friction of the moving parts. 
A pit, P, is provided in the main pier so that the counterweight can sink 
into it as the leaf opeiLs and rolls l)ackward. This pier is of large size, 
as it carries the track girders; aiul it requires a gt)od, solid foundation, 
since the shifting of the |M)int of a{)pli('ati()n of the load disturbs the base 
pressures. Two other smalliT piers are rec^uiretl for a single leaf structure — 
a rest pier at the front end and a shore pier or abutment at the rear end 
to carry the approach span. In the case of a double leaf bascule a second 
main pier will be requirefl and also an idnitnient. A lockiiig device at the 
centre of the span comiecting the two leaves when the Ijridge is closed 
renders unnecessary a rest pier. The span is operated by a pinion 
working in a rack pivoted to the upix^r part of the quadrant, fig. 30b 
shows one of the Scherser rolling hft bridges. 

The Hall type, shown in skeleton form in Fig. 30c, rotates about the 
centre of gravity, G, of the leaf where a pivot or tnmnion is providedt 
which rests in a roller, R, carried by a horizontal track girder, T. When 
the leaf is dosed the main girder or truss bean on the pin A, which ia 
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fixed to the pier; and the roller, 11, is slightly raised off the track girder, 
so that the loatl on the bridge is carried directly by pin A to the pier. 
The swing strut, S, is connected at one end to the movable girder by pin 
B, and at the other end to pin A. When the leaf rises, it first revolves 





Fia. 30&. Scherzcr Bascule Bridge. 



around pin A, until the roller is in full l)earing with the track girder; then 
as the operation is continued, the roller moves horizontally on the track 
girder, while pin B of the main girder describes an arc A as the centre. 
The leaf is operated by the main pinion, P, engaging a rack fixed to the 
strut, E, which is pivoted to the girder at C. When the leaf is closed the 




Fig. 30c. Rail Biisculc. 



pivote<l roller, R, is free and can Ix* removed and replaced without diffi- 
culty. The centre of rotation is so far above the pier that no pit is required 
to receive the tail or the counterweight, W. The horizontal motion 
of the pivot is sufficient to allow the tail to clear the masonry when 
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the span is raised. This retreating motion of the leaf permits of using 
the minimum span length to obtain a given clear waterway. However, 
the shifting of the centre of gravity dist\u"bs the foundation pressures. 
Fig. sod shows the Rail bascule erected at Peoria, 111. The Rail bascule 
patents are now controlled by the Strobel Steel Construction Company 
of Chicago. 

The distinctive feature of the Strauss trunnion bascule is the pivoting 
of the counterweight at the end of the short arm. This enables the said 
counterweight to move parallel to itself at all times; and it can, there- 
fore, be made in such shape that no pit is required to receive it when the 
leaf is in an upright position. In one variety of this tj'pe the counter- 
weight is placed beneath the approach floor. In the other variety it is 




FiQ. 30d. Rail Bascule Bridge over the Illinois River at Peoria, 111. 



located in a frame alx)ve the floor (see the skeleton diagram in Fig. 30e). 
The frame, F, carrying the counterweight, W, is attached by means of 
a strut to the short arm of the bascule at the pivot. A, and at the top 
by the pivot, B, to a link, K, which is pin-connected to the tower at C. 
This system of connections provides for a parallel movement of the coun- 
terweight at all times, and thus does not alter the ratio of lever arms nor 
displace the centre of gravity of the s>'stem, which is at the main trun- 
nion, G, of the bascule. The leaf is operated by the pinion, P, engaging 
the rack, R, on the short arm. Fig. 30/ illustrates the Strauss bascule at 
Polk Street, Chicago. Since the construction of this bridge, the Strauss 
Bascule Bridge Company has developed a modification kno>Mi as the 
"heel trunnion" bascule, which is shown in skeleton form in Fig. 30g. 
This modified type has a fixed pivot point, E, at the end pin of the 
bottom chord of the truss. The counterweight trunnion, T, is also a 
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fixoil pivotal point, and is located at the top of a stationary tower sup- 
IK)rted by the main pier and an auxiliary pier. The counterweight, \V, is 
carried by one end of a trussed frame rocktng on the truimion, T. The 
other end of this frame is connected by a pivot, F, to a link, K, whieh 
in turn attaches to the hip of the main truss by the pin, H. This j^ro- 
vides a parallelogram of linkages, with the side formed by the triangular 




Ped-trumiioii Baseuki 



tower before mentioned as a fixed link. Near the centre of tlie latter 
the operating -strut i& pivoted by- the inn, G. A pull on the gtrut» 8, 
eausee the paraUelogram to dose up, thereby raising the leaf. A detailed 
descrfption of the heel trunnion t^-pc will be found in Engineering Neum, 
Yd. 67, page 830. 

The Brown type of tnumion bascule differs from the othen chiefly in 
its method of operation and in the i^ipUcation of its counterwein^ts. (See 
Fig. 30/i.) The usual truss form rotates about a pivot, E, in the end post. 




Fig. 90ft. Bravra Bascule. 



Two conneeting hnks, K and J, control the movement of this point. The 
link, K, is hinged at U, a fixed point on the approach girder, G, while the 
other link, J, is really a continuation of the end post and is connected by a 
pin, P, to the cross-head at the end of the piston rod of a hydraulic 
inder, C. This cross-h( ;i<l slides along a horizontal guide, T, and trans- 
mits through a strut, L, which is really a continuation of the lower chord, 
its motion to the span. As this cross-head moves for\var(l, the leaf is 
foioed to rotate about the pivot, E, as that point is fixed horiioiitaHy 
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the link, K, the said link being the only member that can provide the 
reaction to the force on the pin, P. However, this system of Unkages 
provides for a slight, nearly vertical motion of E as the span rises, the 
link, K, turning alx>ut the hinge, H. The fixe<l length of the link, J, 
and its attachment to the cross-heml held to the guide, T, limit the move- 
ment of E to a small arc only. The counterweight, W, is of the over- 
head type, and moves vertically in a tower built over the approach span. 
It is attached to a cable, R, which runs over a sheave, S, at the top of 
the tower and then on an inclination to a specially curved and grooved 




Fig. 30i. Brown Bascule Bridge at Buffalo, N. Y. 



track, Q, fixed in an upright position to the top chord, around which 
track the cable bends to a reverse inclination and then fjistens to a pin, 
B, at the panel point in the lower chord next to the end. The curvature 
of the track, Q, is such that, as the span rotates from the horizontal 
position through an angle of about 81 degrees, the horizontal reaction 
on the cross-head remains very small (thus ensuring that the mechanism 
will have to overcome merely the friction of moving parts and the wind 
pressure), while the vertical reaction thereon gradually increjuses from 
zero to an uplift of nearly one-third of the weight of the span. After 
a rotation of 81 degrees has occurred, the centre of gravity of the span is 
almost directly over the point P, and the line of action of the cables 
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passes through the same point. If the movement progresses still further^ 
the cables leave the guide, Q, and come into contact with other guides 
(not shown in the sketch) located near the top chord; and the bending 
of the cables around these guides sets up a horisontal force which prevents 
the span from tipping over toward the tower. During this hist stagey 
the horisontal reaction on the cross-head increases very n^dly, while 




Fio. 30^'. Pa«e Biscule. 



the vortical react ion thereon remains nearly constant. Fig. 30i illustrates , 
the Brown Imsculc at Buffalo, N. Y. I 

The Page bascule has the unique feature of a tilting approach span 
for highway bridges. This approach span is utilized m a counterweight. 
In through railroad bridg;es the approach span is fixed and a tilting coun- 
terweight is placed overhead. As tlie principle of operation is the same 
in each case, one description will suffice for both kinds. See Fig. SQ/- j 
The approach span, A, pivots on trunnions, T, at the shore end; while 
the free end is earned by rollers, R, resting on qtecially curved track | 
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girders, G, that are fixed to the main trusses ol the bascule. As the leaf 
rises the track gurders rotate with it about the pin, P, and cause the free 
end of the approach spaa to drop also. This approach span is loaded 
so that it balances the weight of the leaf in all positioiis. To prodnoe tlus 
condition of constant equilibrium, the contour of the track girders, G, m 
curved in such a way that the point of application of the counterweight 
load gives a decreasing lever ami as the leaf rises and its centre of gravity 
approaches the vertical line j)a^ing through the centre of rotation. The 
operating mechanism consists of long screws, S, provided with nuts, 
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moving in guides on the girders. The motion of the nuts is transmitted 
by the operating struts, K, to the truss through the pin connection, Q. 
Owing to the inherent inefficiency of the screw mechanism, more power 
is required to operate this type than is needed for any of the other bas- 
cules. The effectiveness of the counterweight is reduced by the support 
given the counterweight girders at the pivot, T. No pits are required 
to receive the counterweights. 

The Chicago City Type of bascule was developed by the Engineering 
Department of Chicago. See Fig. 30A;. The trusses are supported on 
trunnions, T, in line with the lower chord, placed a short distance back 
from the centre of gravity of the span. Counterweights, W, are rigidly 




Fio. 301. Chicago City Type Bascule Bridge. 



attached to the end of the shore arm, and a pit is provided in the pier 
for their reception when the bridge is opened. The leaf is operated 
by a pinion and segmental rack attached at the end of the short arm. 
Elastic bumpers are provided to absorb the shock in opening and closing 
the span. A worm gear brake is also supplied to check any downward 
motion of the leaf, should occasion require. For a double leaf bridge 
centre locks are employed, but no rear locks are needed, as the centre 
of gravity is ahead of the pivot. 

Fig. 30Z shows a Chicago City Type bascule bridge opened for river 
traffic. Just beyond can be seen a Scherzer Rolling Lift Bridge. 

The Waddell & Harrington bascule has a number of distinctive fea- 
tures. See Fig. 30m. The trunnions, T, which are in line vvith the top 
chords of the trusses, are made of special steel castings which are rigidly 
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attached to a box-girder, B, spanning the distance l>ctwo('n th(> truaBea. 
The free end of each trunnion has a cylindrical bearing, O, with its axis 
parallel to the plane of the truss. This bearing fits into a cup, D, mounted 
on a standard or tower anchored to the pier. The object of this (yUn- 
drical beating is to permit a slight rotation due to the deflection of the 
boxHprder connecting the tninnions. Between this <^lindtical bearing 
and the end of the box-girder is an enlaigement of the trunnion, or a 
segmental ring, R, having a spherical surface. A hub casting, H, bond 
to fit this efpherical surface, turns on the segmental ring and suppcnti 
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the truss. This gives a bearing of laige area and pennits of using a lower 
unit pressure. This spherical surface also provides for the sUgbt bend- 
ing of the trunnion in a plane perpendicular to the truss as the deflection 
of the box iprder varies with the change in loads, thereby preventing any 
binding or any unequal distribution of loading on the two sides of the 
truss that would involve high secondary stresses. The span is oporat^xj 
by a Hvstem of cables connected 1^3' equalizer bars to each truss at the 
ends of the scfrincnt of the short arm of the biisiuU.'. 'J'he.^e (-ables fuUow 
tlie curve of ihc <( jz;iiu'iit and pass aroimd n nearby idler sheave, S, under 
the floor and Ihcji to the winding linim, I), from which Uiey return t<i 
the idler and thrn to the other attachnitnl ai the segment. Provision i- 
made for reverbing the rotation of the wiuUmg drum. As the bpaa is 
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balanced about the centre of rotation by a concrete counterweight, W, 
at the upper end of the segment, extending from truss to truss, only suf- 
ficient power to overcome the friction and inertia of the moving parts is 
needed to operate the span. Fig. SQn depicts a bascule of this type 
erected over False Creek at Westminster Ave., A'ancouver, B. C. 

The first roller bearing bascule was developed by Montgomery Wad- 
dell, Esq., C. E., to whom patents were issued in 1899. See Fig. 30o. 



Fio. 30n. Westminstor Avenue Bridge over False Creek at V^ancouver, B. C. 

There are two distinct designs for this iyjic of bascule. In one the cir- 
cular end of each truss of the moving span rests on a nest of solid rollers, 
R, that are effectively connected to each other by spacers and which arc 
supported in a cylindrical, ciiivshapcnl bearing. These rollers have trun- 
nions which rest on the curved track, T, ^ind which have a diameter one 
lialf of that of the rollers, conso(|uontly the translation of the rollers Is 
only one-fourth as rapid as that of the cylindrical surface which bears 
on them. In the other design the last mentioned surface rests on two 
stationary compound rollers per truss, of tlie tyjM' shown in the lower 

• portion of Fig. 30o. In both types, and more especially in the second, 
tlie frictional resistance to motion is reduced to a ver>^ small quantity. 

' As sho\sii in the drawing, the comjioimil roller consists of a single large 
solid cylinder, Ui, surrounded by a nest of small, solid rollers, R.., that 

I are encasetl by a large, hollow cylinder, Ri. Such a combination apjiroxi- 
mates closely in efficiency to a ball-bearing. To operate' the bjuscule, a 

I pinion engages a rack on the outside of the segment in the planes of the 
trusses. An overhead counterweight, W, is provided at the upper end of 

' the segment. No pit is required in the pier to receive either the tail end 
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of the spaa or the counterweight. The centre of gravity corresponds to 
the centre of rotation so that only friction and inertia have to be over- 
come. Fig. dOp showB a general pbn for a 750 foot, double-leaf, bascule 
bridge for a proposed crossing of the Mississippi River just below New 
OrleaoB, designed jointly by the author and his brother, Montgomery, for 
the noted railroad builder, the late CoUia P. Huntington, Esq., and his 




tNLARGtD DeTAJL OTA COMPOUND ROLlfR 
Fio. SOo. Mootgonifliy WaddeU's RoUer-beanng Bawule. 

coDsultmg engineer, Dr. Ehner L. Cortbeil. The death of Mr. Huntington 
was the sole reason for the failure ol this bridge project to materialiie. In 
this case the rollers were to be stationaiy , and the counterweights were to 
be attached to long arms extending b^ond the rolling segment and out- 
side thereof. Fig. dOg shows a plan for a double-leaf bascule bridge over 
the Chicago Drainage CanaL For this bridge the moving rollers were 
selected. Attenticm is called to the relatively small amount of ooncrete 
needed for substructure. 

The Cowing bascule, based on patents issued to John P. Cowing, 
Esq., in 1900, is very similar to the Montgomer>' Waddell t\^x^. The 
semicircular segment, tunning the tail md of the lifting span, moves on 
a nest of solid rollers, wbicli in turn move uii a track girder curved to 
correspond \\\\\\ the said lollinp sei^nient. The counterweight is pnrtly 
above the hoor and partly below. The leaf is balanced in all positions, 
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as the cemro of rotation is at 
the centre of gravity of the 
mass. When the bridge is 
elosed, the live load reaction 
comes on a bearing placed 
opon the pier in front of the 
curved track or cradle. It 
is claimed that the Cowing 
type is a direct infringement 
on the Montgomery Waddell 
patent*. 

The question is often 
asked: "Which is thf best 
of the various types of biis- 
cule?" It is a difficult one 
to aaswer. Truth to tell, 
there is not today much dif- 
ference in efficiency between 
any of them. Each hjus its 
advantages and its disad- 
vantages. All of them are 
inherently u^y, and for all 
but oomparativeiy short 
spans are uneconomic in 
comparison to the vertical 
Hft; but th^ are scientific, 
and they represent, probably, 
the best and most profound 
thought that has ever been 
devoted to bridge engbeer- 
ing. They certainly are com- 
plicated structures, and as 
such they require good care 
and constant attention. 
They are more satisfactory 
than the swing span m sev- 
eral important particulars; 
and wherever they can be 
built more cheaply than the 
vertical lift, they should be 
adopted. 

Tlie retreating type, in • 
which the axis of rotation 
has a motion of transtlation 
ioQgttudinaUy with the struc- 
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tore, has fhe advantage of giving generally a greater clear opening for 
ai^ total length of apan than does the type' with the fixed trunnion, 
and on that account it ought to be somewhat cheaper; but, on the ' 
other hand, it usually involves greater expense for the machfaieiy and 
the structural details directly connected therewith. Hie principal disad- 
vantage of the retreating t^-pe, as before stated, is that it is really suit- 
able only when the pier foundations are either rock or some other von^ 
solid materml; bwause the variation of the loading on a pile foundatidii. 
by constantly ehanji;ing the location of tlie centn* of pressure of the load, 
tends to rack the pier or abutment. In general, the author's choin; 
would be for the type with tlie fixed position of axis of rotation, but he is I 
not at all j)r('judi('ed either ])ro or con; hence, if a case were to occur in 
which the |)iers were designed to rest on a suiid bearing and in wliieh 
the retreat iiiiz: t>7>e showed by careful estimates a material saving in iirst 
cost, lie would not h<'sitate to adopt it. 

Tlie Sclierzer type of bascule apparently has been the most popular ' 
of all types up to the present time, notwithstanding the fact that many 
of the earlier bridges of this make ^Tcnchetl themselves to pieces, the 
principal points of failure being the teeth of the rack, the peripheral seg- j 
ment connecting thereto, and the attachment of the said segment to the , 
span; for the teeth broke and the rivets sheared constantly after a few 
years of service. It is claimed, though, that these defects have been 
remedied in the later designs of the Scherser Bridge and that the stnio- 
tures of that type built during the last few veara are giving good satis- 
factbn. 

Not enouf^ bridges of the 'Ball patent have been built to warrant 
one in passing judgment upon its merits and demerits; but, 
from all that can be learned, it appears to be a satisfactory type of 
structure. 

A good many bridges of the Strauss type have been built, and from 
all that can be leani» d they are operating well; but they are specially 
deficient from the a'slhetic point of view. However, tliat cuts very little 
figure, as no bascule bridge ever designed can be claimed to be a thing 
of beauty. If it will open (juickly and keep in good order, tliat is about 
all that can be exjx'cted of it. 

As yet there is only one of the Bro^Ti bascules in operation. It is 
giving good serince and is of as scientific coiLstruction as any of the t>T)es. 
Some engineers may claim tiiat the employment of wire rope in its design 
is a defect; but the autlior does not agree ^^^th that opinion, because 
that material is the most reliable of all the kinds of metal with which 
an engineer has to deal. For comparatively short span bridges (and those 
are the only ones for which the bascule is truly suitable) this type oui^t 
to give satisfactory service. 

The Fkige bascule has not yet been thoroughly tested by age, nor have 
many of them been built. The screw mechanism employed in its opoa- 
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ttoa IB certainly not a feature of design that can be considered in its 
favor; for it must increa^se Rreatly the amount of power requireil. 

The Chicago City type of bas(!ule has given good satisfaction for a 
number of years, although it is said to be somewhat expensive in con- 
struction. The fact that it involves the use of a pit below water level 
may account for a large portion of the excess cost; and, moreover, that 
feature is not, to say the least, a desirable one, owing to the necessity 
for keepmg the pit clean and free from water, However, the city au- 
thorities in Chicago seem to prefer it to all other tyiM\s, possibly because 
it is not patented; and the existence of such a preference is certainly a 
strong point in its favor. 

There has Immti but one bridge of the Waddell and Harrington type 
of l)a.scule built, and that one does not often have to be operated — in fact, 
it is needed so seldom that the bridge has to i)e opened occasionally in 
order to keep all the moving parts proiK*rly lubricated. On that account 
it is impracticable to pass judgment uiK)n its elheieney. This, however, 
may be stated — that, because of its two adjustment-provisions for axle 
deflection, it is the most jx'rfect of all l)aseules yet built witli overhead 
axle. The secondar>' stresses that are induce<l m any bridge of that 
type in which the axle deflections are not profXTly cared for would startle 
by theur magnitude any computer who might take the trouble to analyze 
them thoroughly. The tj^x' is not si>eeially economical. It was adopted 
by the City of Vancouver because of the fact that no royalty was asked 
for its use, the patents on it being controlled by the City's consulting 
en^^eers. 

Of all the kinds of bascule with which the author has ever bad any- 
thing to do, that one of his brother's numerous patented types which b 
described herdn appeals to him the most, notwithstanding fact that 
in years long gone by he made a number of unsuccessful attempts to 
introduce it in competition. His failures cannot be attributable to any 
inferiority in the plans or in the t\T>e of stnicture; for his estimates, 
us cumparefl wnth those for the coni|)eting structures, always showed a 
decidetl economy in first cost. Thv, true reason was that he was unwill- 
ing to resort to the means of introduction of the type that were indicated 
to him as necessary to ensure success. There is but little to choose from 
fK'twe<>n the two styles of rollers, although Mr. rowing evidently pre- 
1* ri(-<l the nest of solid ones, as that is the type which he adopted in taking 
out his patent. 

More bascules of the tninnion type have been built than of the other 
types. The longest bascule bridge yet constructed is one of the Strauss 
trunnion variety at the Canadian Pacific Railway crossing of the Sault 
Ste. Marie ship canal. This bridge is of two leaves and has a length of 
336 feet between trunnions. It is of the through truss type, and is pro- 
vided at the ends of the leaves with locking devices for the top and bot- 
tom chords, so that when closed and locked it acts as a simple span. For 
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a detailed description of the structure with illustratioQS} the reader is 
referred to Engineiring News, Vol. 73, pa^e 108. 

The numlxjr of bascules constructed in America has become so large 
that a complete list of them would be beyond the scope of this chapter. 
The dties ol Chicago and Milwaukee have been their largest users in 
this countiy, and the Sanitary District of Chicago has built a gjnaJt num- 
ber nf them over the Drainage Canal. Bascules have also been adopted 
at Clcvelandy Bu£Eak>, Toledo, Peoria^ Portland, Ore., Providence, Phil- 
adelphia, and other cities. In seneral, the modem bascule has ghren 
good service. For spans requiring leaves not much longer than one 
hundred feet it is eminently satisfactory; but beyond that limit the 
first cost of the structure beghis to become too hig^ as compared inth 
the vertical lift ^pe of movable bridge, which type is treated at length 
in the next chapter. 

In concluding this chapter the author tMres to express bis hearty 
thanks to the following gentlemen and companies for their courtesy in 
furnishing him with the data concerning their types of bascule bridges: 

The Schcrzer Rolling Lift-Bridge Company, 

The Strobcl Steel Construction Company. 

J. B. Strauss, Esq., C. E. 

Thos. E. Brown, Esq., C. E. 

Messrs. Page and Shnahle. 

The engineers of the Bridge Department of the City of Chica^i and 
especially John Ericsoni Esq., C. E., the City Engineer. 
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▼BBnOAL UfT BStDQM 

The history of vertical lift bridges has been thoroughly worked up 
by Henry Grattan Tyrrell, Esq., C. E., in a paper presented to The Uni- 
versity of Toronto Engineering Society, published in Applied ScUnct in 
1912, and reprinted in pamphlet form by Mr. Tyrrell. It is well worth 
• perusal by anyone who is interested in the evohition of bridge building* 
Briefly stated, the development of the vertical lift bridge is as foUowa: 

The firat one of which there is any record was a thirty-foot qMUd hav- 
ing a lift of eix and a half f eet^ being a portioii of a wooden trastle over 
the Danube River at Vienna. Subsequent to this a number of veiy short 
spans with low lifts were constructed in Europe. The first design for a 
' Eft of any importance in respect to both span and rise was one subnuitted 
in 1860 by Captain W. Moorson of London in a prise competition on 
plans for a bridge to eross the Rhine at Cologne. It had a lifting span 
one hundred feet long and about fifty feet wide with a rise of fifty-four 
feet. The prise was awarded to another competitor. In 1867 a design 
wiis made by Oscar Roper of Hamburg for a thrpo-hundred-foot lift span, 
i which could be raised high enough to permit ocean-going vessels to pass 
^ beneath, but nothing ever came of it. In 1872 T. E. Laing proposed a 
I lift span in a bridge over the River Tees at Ne^\iwrt near Middlesbrough, 
England; but it did not materialize. The movable span was to be two 
hundred feet long, the Uft forty feet, and the maximum vrrtical cleanmce 
ninety feet. It was to be operated l)y adding and withdrawing water, 
the tank then^for bcinp; a part of the counterweight. In 1878 tlicrc was. 
an elaborate design for a Uft bridge matle by M. H. Matthyssens for a 
crossing of tiie Scheldt at Antwerp, involving a span of one hundred 
and thirty-one feet and about the same clear iieight. About tliis time 
a few small spans with low lifts, generally over canals, were built in va» 
riouB parts of £un^, but until quite lately no vertical lift bridge of any 
importance has been constructed in Europe. 

In 1872 Squire Whipple, one of the pioneers in American bridge build- 
ing, began to design and build short lift spans with small rises to cross 
the canals of New Yoric State, including one at Syracuse in which only 
the deck moves. During the next two decades a number small ver- 
tical lifts were built across canals in the Eastern States, and a few were 
constructed abroad. In 1892 the author proposed for a crossing of the 
ship canal at Duluth a vertical lift span of two hundred and fifty feet 
i with a vertical dearanoe U one hundred and forty feet. As explained 
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in Cliaptcr XXVIII, his design was accepted in competition; but the 
War Department prevented the building of the structure. A similar 
bridge of one hundred and thirty feet span and one hundred and fifty- 
five feet vertical clcMrjince was pr()jK)sed a few months later hy him for 
a crossing of the Soutli (JhicaRo liiver at South Halsted Street, Chicago. 
His proposition was accepted and the bridge was built. A full descrip- 
tion of the structure is given in a paper by the author published in the 
Transactions of the American Society ol Civil Engineers for Januar>% 1895, 
and from it the following condenfiation was made and published in De 
PorUUm: 

"The bridge consists of a single, Pratt-truss, through span of 130 ft. in seven oqnal 
pancla, and having a tru«s depth of 23 ft. between centres of chord pins, so sui)p«>rttni 
and constructed as to permit of bc;ing lifted vertically to a height of 15.5 ft. clear above 
mean low water. At its lowest position the clearance is about 15 ft., which is sufficient 
for the paasage of tugs when their smokertaoka are hywered. The span dilfen from 
ofdhuuy bridgw only in having proviaioofl for attaching the sustaining and hntntJm^ 
cables, guide-rollers, etc., and in the inclination of the end post.s, which are battered 
slightly, HO as to bring their upper ends at the proper distance from the tower oolumns, 
and their lower ends in the nHiuin^l y>osition on the piers. 

"At eH<'.h side of the river is a strong, thoroughly bnictHl, str-el tower, about 217 ft. 
high from the water to the top of the housing, exclusive of the fliig-poles, canning at its 
top four built-up steel and cast-iron sheaves, 12 ft. in diameter, which turn on 12 in. 
aades. Over these sheaves pass the IHvl steel-wire ropes (32 inall), whidi sustain the 
fljpan. These ropes are double, ie., two of them are brought together where the span is 
suspended, and the ends are fastened by clamps, while, where they attach to the countei^ 
weights, they form a loop, which passes around a 15-in. wheel or pulley that acts as an 
equalizer in case th<' two adjiif ^'nt ropes tend to stretch unequally. 

"The counterwimhts, wliicli are intendtnl just, to halanw the weight of tht? span, 
consist of a number of iiorizontal c:ujt-u-ou blocks :ibout 10 .x 12 inches in section, and 
8 feet 7 mdies long, strung on adjustable wrought-iron rods that are attached to the 
ends of rodcers, at the middle of eadi oi which is inserted the IS^ndi equalising wheel 
or pulley previously mentioned. 

" The counterweights run up and down in guide-frames built of 3-inch angles. 

"The weight of the cables is coiinterbalancwl hy that of wrought-iron chains, ono 
end of each chain iK'ing attached to the span and the oilier end to the counterweights, 
so that, whal<?ver may be the elevation of the span, there will always be the same com- 
bined weight of sustaining cables and chain on one side of each main sheave as there Ls 
upon its other side. 

"Between the tops of the opposite towers pass two shallow girders thorou^ily sway- 
braced to each other, and riveted rigidly to the said towers. The main function of these 
girders is to hold the tope of the towers in correct [xxsition; but incidentally they serve 

to support the jfllers of the operating ropes and to afford a footwalk from tower to tower 
for the u.se of the l)ridf?e-t<'nder. Adjustable pe<lestals tmder the rear h'^s of each tower 
provide for uue(iual .s<^'ttleiueiit of the piers which sujjiKjrt tlie tower columns. Each of 
these pedestals has an octagonid forged steel sluift, expanding int^ a sphere at one end, 
and into a cylinder with screw-^threads at the other. The ball end worics in a sphericid 
sodcet on a pedestal, and the screw end works in a female screw in a casting which is 
veiy firmly attached to the bottom of t!»e tower-leg. It Is evident that by turning the 
octagonal shaft the rear column will be lennthenwl or shortened. Tlie turning is ac- 
complished by means of n special bar of great strength, which (its clos»'ly to the octagon 
atone eodj and to the other end of which can be connected a block and tackle if necessary. 
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Thf«»o srrow .iMjustmonts won* useful in ororting (he stniPture, but it is qnit^ likely that 
they u ill never agtiiii be needed. But in e;us<! there ia ever any tower adjustment re* 
quired, it will be found that the extra mooey spcat on them will have been well expended. 

'*Each tower oonaata of two vertical leBS* asainat which the roUer-guidee on the 
t ruKs^^ bear, and two inclined rear legs. These legs are tboroiii^y braced together on 
all four faces of the tower; and at each tier thereof there is a system of horizontal sway- 
bmeing, which will prevent most effectively eveiy tendency to distort the tower by 
torsion. 

"At the topft of the towers there are four hydraulic bullers that are capable of 
bringing the span to rest, without jar, from itu greatest velocity, which was assumed to 
be 4 feet per second; and there are four more of these buffen attached beneath the 
epon, one at each comer» to serve the same puipose. 

"The .span with all that it canriee weighs about 290 tons, and the oounterweights 
weigh, ixA nearly as may be, the same. As the cables and their counterbalancing chains 
weigh fully 20 ton.s, the total weight of the moving ma.«w \< almost exactly (>'>0 tons. 

"Should tlie span and the counterweights become out of balance on account of a 
greater or lesjs aintjunt of nioisiure, snow, dirt, etc., in and on the pavement and side- 
walks, it can be adjusted by letting water into and out of ballast-tanks located beneath 
the floor; and, shouU this adjustment be insufficient, provision is made for adding 
small weights to the counterweiglits, or for placing such weights on the span. 

"As the counterweights thus balance the weight of the span, all tlM work which 
the machinery has to do is to overcome the friction, b<'nd the wire ropes, and mise or 
lower any small unbaiancfnl lorul that there may be. It has bwn designed, however, 
to lift a eonsidenible load of pavS.se<iK< i"^ ifi f*ase of necessity, alt honp;h the structure is not 
inteQde<l for this purpose, and should never be so used to any great extent. 

"The span is steadied while in motion by rcrflers at the tope and bottoms of the 
trusses. There are both transverse and longitudinal roUers, the former not touching 
the columns, unless there is sufficient wind-pressure to bring them to a beazmg. The 
longitudinal rollers, though, are attached to springp, which press them against the 
rf»Iumns at all times, and take up the expansion and eontmetion of the tnis.<*es. With 
the rollers removed, the bridge swin^js free of the columns; and, since the attachment's 
are purjxjsely ina(l(? weak, the result of a vessel's stnknin the bridge with its htill will be 
to tear them away and swing the span to one side. Should the rigging of the vessel, 
h oweve r , strike the span, the effect will be simply to break off the masts without injury 
to the bridge. This latter accident has happened once already, the result being exactly 
what the author had predicted. There is a special apparatus, corLsb«ting of a heavy 
.sfniare timber set on edge, trimmefl on the n»ar to fit into a steel channel which rivets 
to the cantilever hnickcts of the sidewalk, and faced with a G x G-inch hejivj' angle-iron, 
to act .'Ls a cutting lur. This detail is a wry cilectivo one for destroying the masts and 
rigging of coUidin^ v ( .s.s<'Ls. 

"The bridge is designed to cany a double-track street railway, vehicle^ and footp 
passengers. It has a dear roadway of 34 feet between the counterweight guides in the 
tofwem, the narrowest part of the ^ructuro, and two cantilevered sidewalks, eadi 7 
feet in the clear, the distance b<>tween central planes of trusNcs Ix'ing 40 feet, and the 
extreme width of suspended spatT57 feet, except at the enil pant!Ls, when; it is inen'iised 
gradually to Cu] fcHJt. Tlie ro;ulway Is covered with a wmxien block pavement 34 feet 
wifle between ^uanl-rails restinji ona4-iiicli pine flwir, that in turn is .^ui)iM)rte<l by wixxlen 
sliiiiis which are bolteti to lo-inch I-beam stringers, spaced about 3 U^'i 3 inches from 
centre to centre. These stringers rivet up to the webs of the floor4)eams, and beneath 
tbem run diagonal an^, which rivet to the bottom flange of each stringer, and thus 
form a veiy efficient lower lateral system. Thv. siditwtdks arc covered wHh S)-inch pine 
planks, resting on 3 x 12-inch pine joints sj)ac(;d about 2 feet from centre to centre. 

"Tlie .«*pan is su.spendetl at each of th<' four upper corners of the tnisses by eight 
Steel cables, wliich take hold of a pin by means of cast-steci clamps. This pin passes 
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through two hangep-idatea which project above the truss, and are riveted very effectively 
to the cikI post by moans of the portal pJate-^xder «tnit on the inode and a apeoial, 
abort, cantilever ginicr on the outside. 

*'Each portal-girder carries near each end an iron-bound oak block to tiike up the 
blow from the hydraulic buffer, which hang? from the overhead girder between towen. 
Simflar oak hloclB an let into and pfojeot from the copings of the main pien to take 
up the blow bom the hydraulic buffers that are attached to the i|Mn. 

"The ballust-trinks before alluded to^ of which there are four in all» are built of steel 
plates properly stiffened, and have a capacity of about 19,000 pounds, which is probably 
more than enough to set the hridRo in motion, if it were all an unbalanced load. These 
tanks serve a double purpose, the first being simply to balance the bridge when it geUs 
out of adjustment because of the varying load of moisture, etc., on the span, and the 
aeoond being to provide a quick and effiefant meaaa of raising axid knvering the ipan in 
caeeof a total breakdown of the maehhieiy. I^forinatanoe-^whidiiB highly InpniMhle ' 
—4he operating npaa irare broken and had to be detached from their druma» hj 
ing all of the water out of the tanks the span could be made to rise. It could be lowered 
again by filling them from a reservoir which is places! on top of one of the towers and kept 
filled with water at all times by means of a pump in the machinery-house. The water in 
all of these tanka can be kept from freizing, or the ice therein can be thawed at any time, 
by turning on steam from the machinerj'-room into the coils of pipe which they contain. 

"The operating machinery is located in aroom 37 z 63 feet, the opposite sides being 
penOei, but the adjacent sides being oblique to each other, the obliquity aasaunting to 
about 12 degrees. The placing of this machinery beneath the street was really forced 
upon the author, who had originally contemplated using electrical maduMy and 
putting it in a house in one of the towers. ' 

"The arrangement of the operating machinery is as follows : Two 70-H.P. steam- 
engines communicate power to an 8-inch horizontal shaft airrying two 6-foot spiral- 
grooved, cast-iron drums, around which the J^-inch steel-wire operating cabka pass. 
As one of the lifting-ropes passes off the drum, the corresponding lowering-rope takes 
its plaee^ and vice vetsa, the ea tr smehorisontal trove! being a Kttte less than 
Thus by turning the drtuns in one direction the span is raised, and by turning them in the 
other direction the counterweights are mi.st'd, and the span consequently is loweretl. 
When the span is at its lowest position, the full f><»\vrr of one engine can be turned on to 
pull up on the counterweights, thus throwing .some dead load on the peiicstala of the 
span, after which the druuui can be locked. Before the bridge was completed the writer 
eonsfafaied tliat this would be neeesssiy, in older to ohedcvibnilkm from rapidly passing 
vehides; but such has not proved to be the case, for the span is veiy rigid, and the I 
of the vibration is not worth mentioning. It is possible^ though, that in some other 
hft-bridges, where the ratio of live load to dead load is greater, this feature of 
could not be ignon^d. 

"The engines are i>n>vi(l*Hl with friction-brakes that im* always in action, except 
when the throt tle is oi^eaed to move the span; consequently no unexpected mov^nent 
of the span is jxissible. 

''The laisiDg-ropes, after Isaving the drums, pass ont of the machineKy-bouee to and 
ijeneath some Moot idlers under the towers, thenoe up to the top of the north toever, 
vdierB they pass over some 44oot idlers and the main 12-foot sheaves. Four of them 
here pass down to the north end of the span, and the other four run across to the otber | 
tower over more idlers, then down to the ^outh end (»f the span. 

"Tlie lowering-ropea, after leavuig the drums in the machincr>'-room, pass under 
some idlers below the north tower, and thence up to more idlers at the top of the tower. 
Four of them here pass down to the countenveights in the north tower, and the other 
four run aeroai^ over fntermediate idlsn in the overhead bnusing^ to the main 124ioo4 
sheaves of the south tower, then downward to the oounterweighta. 

*'In additioB to the previously msntioned method of moving the span by the water 
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bdhfty there m a man-poww operatnig appMatiu of abnpfe design in the machinery- 
housc, which, when uswi alone, can raise and lower the s^pan slowly in case the steam* 
power gives out, or more rapidly when combined with the water-ballast method. 

"As the span ncars its highest iiini lowi'st p<K<ition-s, an automatic <'ut^ff apparatus 
in the machi nery-room shuts oil the btciuu from the cylindeni and thus pruvuuLs the 
hydnuilio ImSeni ham being oveftaaDed." 

In Fig. 81a is praeiitedavievr of the Habted Street Lift Bridge paap-j 
tially raised. The origmaL dedgn called foi' the use of two aixfyHfiYe 
hone-power electric motors, but the city of Chicago required a steam 
engiiie plant of one hundred and fifteen hoFseixmer instead. The cost 

of this plant for both operation and maintenance was found to be ex- 
cessive; iind in 1907 electric motors were substituted for the steam en- 
gines. 0{>erati()u by steam liiid required the services of three engine 
men, two signal men, four policemen, and one coal shoveler, ten men 
in all, their combined wages amounting to one thousand dollars per 
month; and in addition there were one hundred and seventy dollars 

I per month expended for coal, as it was necessary to keep the boilers going 
at all times during the season of navig:ati()n. The cost of the electric 
power for intermittent service proved to be only one hundred and fifty 
dollars per month; and the services of only one tender were required, 
while two had been formerly needed with steam. The change resulted 
in a savmg of over three thousand dollars per annum ui the operating 

I expenses. 

In the before-mentioned paper published by the American Soole^ of 
Civil Engineers there appeared the following: 

"If the author were to design another lift-bridRe similar to the ITalsted Street 
struct lire, atid if he were given carte blanche in the designing, he would make the following 
improvements: 

' 'U. Cunretherear ooluimisandarchtheoveriieadgiidmattoiwQf towmao 
improve the genewd appearan e e. 

**2, Operate by eleetrioity instead of by steam. 

"3. Place the machlnery^houae in one of the towen and dupense with the operating- 
house on the span, letting the openitor stand in a bow-window ol the jnaohineiy houn 
80 as to command a view of iho river in both directions. 

"4. Omit the water-tanics a^? an unnecessary precaution, and rely on the great 
capacity of the electric motoro to overcome any temporary unbalanced load. 

"5. A aimpler and km eoEpensive adjuetment at feet of lear ooltimna. 

"0. Cast Bted instead of east iron for all maefainefy. 

"7. Catch the balanemg dhaina in buoketa placed on top of the epan instead of 
I . banging them to the eounterweii^ta." 

' In the later designs for vertical lift bridges prepared by his firm, the 

^ author was persuaded, rather against his will, to omit the hydraulic 
f buffers and the balancing chains, on the plea that with electric powex 
f these are not necessary; but after an experience of several years with 
"» lifts in which these two features of his first design were omitted, he has 
decided to adopt them again in some of his future vertical lift bridges. 
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In large and heavy lift-spans the unbalanced load of the cables augments 
materially the starting torque and adds considerably to the amount of 
power used per annum, besides increasing somewhat the first cost of the 




Fig. 31a. Halstod Street Lift Bridge over the Chicago River at Chicago, III. 



machinery. Whether it is good policy in any particular case to adopt 
the counter-balancing chains is to be determined by an economic study. 
If the annual interest on the difference between the first cost of the said 
chains and the saving in cost of machinery is greater than the value of 
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the aiinunl F^wnng of power which thoy effect, they shoukl be omitted, 
but otherwise they should be used. All depends upon the question of 
how^ often the bridge is to })e operated. If it is to l)e opened only a few 
times per day, the additional expense would be unwarranted; but if it 
is to be used very often, the saving of cost of power may be great. In 
the Pacific Highway Bridget designed by the author's firm and now under 
OODStruction, the economic study indicated a stand-off, hence the chains 
were omitted, as it was desirable to keep down the initial ooet of struo« 
ture to a minimum; but all the Chicago yertical lift-spans should have 
been provided with the chains, as the number of openings often runs as 
high as seventy-five per day. Moreover, in some cases a flat rate based 
upon the peak load is ehaiged for the electric ptmet^-and m such cases 
it is evident that the adoption of the detail for balancing the weight of * 
the cables would be in the line of true economy. 

Crood and effective hydraulic buffers that arc properly maintained in 
commission are a wise precaution against accident; and they certainly 
relieve most effectively all jar in bringing the span to rest. 

For many years after the completion of the Halsted Street structure 
the author endeavored unsuccessfully to build similar bridges at other 
places, the main reason for liis failures being that he often ran into polit- 
ical and financial conditions of such a nature that his engineer's conscience 
prevented his dealing with the parties interested. 

In 1894 he made plans for a bridge over the Missouri Kiver at Kan- 
sas City, known at first as the Winner I^ridge, in which there was a span 
ol four hundred and twenty-five feet carrying a lifting deck; but the 
construction thereof was delayed for many years. The original design 
was described in De Ponlibuit; but it was changed materially when the 
bridge was built some eight years ago, mainl\ 1)ecause of the develop- 
ments that had taken place in bridge deogning in the preceding decade. 
A description of how the structure *was actually built will follow 
presently. 

From 1894 until 1907 no progress worth mentioning was made in the 
building of vertical lift bridges, mainly for the reason that the author's 
patents prevented other engineers from entering the field, and because 
cf his personal discouragement previously mentioned. But soon after 
the formation of the firm of Waddell and Harrington in 19Cy7, the author 
heard from good authority that the changes made in the machinery of 
the Halsted Street Bridge had converted it into the most satisfactorily 
<^)erating movable briii^o in Chicago; hence he and his partner made 
a joint study of how to ini|)rove on the tlesign of the Chicago bridge; 
and soon there came to them a request from F. W. PVatt, Esq., C. E., 
the new president of the Union Depot, Bridge, and Teriiiiiial Railway 
Company, to make a study and estimate of cost for firiisliing the partially 
constructed Winner Bridge, whifh his company ha<l Ixiught in, upon the 
general lines described in tonlibm. They did so, making a number 
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of changes in the old design, the principal of which were the following: 

First. Adopting riveted construction instead of pin-connected. 

Second. Tdoscoptng the hangers inside ol the vertical posts of the 
supporting trusses instead of letting them pass outside. 

Third. Using concrete instead of cast-iron oouttterweights and plac- 
ing them at the ends of the epeai instead of at the panel points. 

Fourih, Operatmg from a machineiy house at each end of the tpui 
mstead of from a single house at mkUapen, and using wbe ropes mstead 
of shafting for the transmission of power. 

Mr. Harrington's extended experience In ysrious lines of meehan- 
ioal engbieering, especially that obtained as engineer to the C. W. Hunt 
Company of New York, enabled the firm to effect many valuable improve- 
ments in operation, not only in this strueture, .Init also in other vertical 
lift bridges built later. 

While Mr. Fratt and his clients were dehating about the advisability 
of undortaking thf work of building the struct un-, the firm was retaiiK'd 
to rebuild the Iowa Central Railway Comj)aHy's bridge across the Mis- 
sissippi River at Keithsburg, 111. J^ids wore obtained u])on both a swing 
and a vertical lift, showing a material economy for the latter, which was, 
consequently, adopted and built. Tiie span is two hundred and thirty- 
four feet and the maximum vertical clearance fifty-five feet. It carries 
a single-track railway only. In its design tlirro is an innovation which 
results prove was not a good one. The operating house is placed at one 
end of the movable sp:m instead of at the middle. It was so located 
In order to reduce the dead load moment on the span, especially as the 
machinery is unusually heavy on account of the operation being by gaso* 
fine enpnes. Such a location was a violation of a principle of sesthetics, 
viz., that perfect symmetry in a layout is the acme of artistic designing; 
and the result showed that it was not good practioe, because, on aoeount 
of the inequali^ in length of the operating ropes, the stretches therein 
were unequal, necessitating frequent adjustments, the newest of idiidi 
caused a jerky motion of the span wiien being raised or lowered. The 
defect is of but little Importance, neverthdees its cause should always 
be avoided in future construction. 

During the building of the Keithsburg Bridge, a little lu^way lift 
at Sand Point, Idaho, was designed and constructed. It showed great 
economy as compared with a swing span. 

Next came the Hawthorne Avenue Bridge over the Willamette Paver 
at Portland, Oregon, with a lift >pan of two hundred and furtN-four feet 
and a vertical clearance ot" one hundred and thirty-five feet, carrying ;\ 
double-track street railway, two wagonways, and two. foot walks. Two 
views of this structure arc shown in Figs. 31/> and 31c. It is of the same 
general type as the HalstiMl Street Bridge, except that there is no overhead 
span between tops of towers. 

While this structure was under way Mr. Fratt and his associates^ after 
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long deliberation, derided to build their bridge; l)ut l>efore they would 
make up their minds to adopt the lifting deck, they had a large working ! 
model made of it to scale and operated by electric power; and altliough 
this worked to ptrlVrlion, they still were not satisfied until they had an 
expert committee of civil and mechanical engineers examine the plans, 
speeilif at ions, and model and report upon tlic clliciency and ])racticability 
of the design. This committee was composed of the following well-kuowu | 
gentlemen: Thos. E. Brown, Esq., C.E., of New York City; S. R. Fisher, 
Esq., C.E., of St. Louis; Prof. W. V. M. Goss, of the University of Illi- 
nois; and Geo. W. Jackson, E.sq., of Chicago. This committee gave its 
unanimous approval to the project, and the bridge was built. The fol- 
lowing is a description of the structure, which is shown with the deck | 
do\vn in Fig. 31d and with the deck up in Fig. 31e. | 

The .bridge proper, t. 6., the portion between the established harbor 
lines, and eonduding the approaches, consists of three double-decic, riveted- 
truss spans^ providing on the lower deck two standard railway tracks, 
and on the Uflper deck two street car tracks and separate roadways and 
sidewalks lor vehicular traffic and pedestrians. To permit the passage 
of boats, one m the three spans oontams a lifting deck, which consists of 
a double-track railway bridge floor, the metal thereof being nickd stod 
so as to reduce the wdght to be lifted, with a lateral system that includes 
special wind chords, all supported by stiff hangers, also of niekd steel, 
from each panel of the upper trusses. When the dock is In Its lowest 
position, a pin in the end of oarh hanger rests on a socket in diaphragms | 
in th(» post above, transmitting tlie livt; load directly to the upper trussf*s. I 
Each liauger is arranged to telescope into the truss post aboxc, and is | 
attached to two cal)les which j)ass up and over a sheave on tiie toj) of | 
the truss, tlience to the end of the span an<l over a eonmion drum at 
one corner thereof, and tin nee (lo\Niiward to a counterweight. Thrro 
is, thus, a separate counterweight for each hanger. ()}>eration is efTeeted 
by rotating the four drums at tlu» upj)er corners of the span. The two 
(h-nins rit each end are on a single shaft which is geare<l dovai to a motor, 
in order to synchronize mechanically the movements of the mjichiuery ' 
at opposite ends of the span, a double rope drive is provided connecting 
the two sets of machinery. A full-sise model of this drive was made 
and tested by the engineers before the design was adopted, in order to 
satisfy the projectors of the enterprise that it would work satisfactorily. 
The count^eights for the rope drives are arranged so that one rope 
IS taut for driving in each direction. Under ordinary operation both 
motors are in service; but, should one motor fail, the entire deck can 
be handled by the motor at the oppodte' end through this rope drive. 

When the deck reaches its lowest portion, locks automatically en- 
gage each hanger and the ends of the deck. All locks are withdrawn 
by one operation by means of a motor and gears in the south maduneiy 
house. 
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In addition to the mamfest advantage of maintaining traffic on the upper 
deck at all times rogArdless of the movement of boats, this movable deck 
afforded laige eoooomies In conatnictlon, and it will afford also similar 
economies in operation. 

The vertical clearance when the deck is raised to its fijU hd^t is 
fifty-five feet above high water, and the horiaontal clearance for vessels 
is four hundred and thirteen feet, the overhead througih span and the 
two adjoining deck spans being each four hundred and twenly-five feet 
long. The reason for the excessively great horisontal clearance is that 
the superstructure is built on old piers that had been standing in the 
river for nearly two decades. 

The lifting deck, which weighs one and a half million pounds, is fully 
balanced by the counU^rweights and is always locked down when in .si r- 
vice. It is raised to its full height or is lowered in fifty seconds by electric 
power. The total cost of the bridge and its approaches wjis $2,200,000. 
The total weight of raetal was over eighteen thousand tons, and a number 
of the pieces handled weighed over one hundred tons each. There were 
some twenty-five miles of rivet holes reamed in the field and about half 
a million field rivets were driven. The amount of paint used on the 
metalwork was fifty tons. 

The next structure containing a lift span built by the author's firm was 
the Arkansas River Bridge between the cities of Fort Smith and Van 
Buren, Arkansas. Aj^ can be seen from Figs. 31/ and 31g» it contains nme 
qMns all aUke, one of them being lifted so as to give the usual vertical 
clearance requirement of about SSty feet. It carries a railway, street 
railway, and vehicular and pedestrian traffic. The distinctive feature 
of this structure is that it is arranged so that should ever the channel 
sidft permanently, the towers and machinery can be takoi down, moved, 
and re-erected so as to lift any of the other spans. 

Next came the highway bridge at Tehama, California, a compara- 
tively small structure containing no special features; and this was fol- 
lowed by the little M. L. and T. bridge, Figs. 31/i and 31i, which has 
been adopted as a standard for its small bayou crossings by the Southern 
Pacific Railway Company. It is operated by one man, as it is not opened 
often. 

Next in order came the great Oregon-Washinpton Railroad & Navi- 
gation Company's bridge, at Portland, Oregon, carrying; traffic just like 
that of the Fratt Bridge, but with the difTerence that the overhead spaa, 
instead of being fixed, was made movable so as to permit the passage 
beneath of the largest ocean-going vessels. Like the Fratt Bridge, the 
main portion of the structure consists of three spans, but the total length 
of them is only seven hundred and ninetynsix feet, that of the movable 
one being two hundred and twenty feet. 

In FigB. 31j, 31A;, and 3U is shown the structure in its three principal 
positionfl^ vis.: first, with both the movable span and the movtible deck 
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dowTi and taking; care of tlie traffic ahovo an<l hcfow; second, witli the 
movable span in commission for highway traffic, but with the deck be- 
neath raised to its full heiglit so as to permit the paaaace of small steamers; 
and third, with both the movable span and the movable deck raised to 
their greatest height so as to provide for the pa.ssage of the tallest-masted 
oceanrgoing vessels that enter the port. Fig. Sim has been added, as it 
gives an excellent view of almost the entire structure^ i4>iffoaches included- 
Attention m called to the height of the water, the photograpih having 
been taken at its maadmnm stage. 

The distinguishing features of the stnictuie are its imii8iia% heavy 
oonstniction and the method of lifting the two decks of the movable 
spaa either together or separatdy. The upper deck was designed to eanry 
the heaviest possible dty traffic, including pedestrians, electric railway 
cars, road-rollers, and lorries; and the lower deck to care for the heaviest 
locomotives and cars used on the Harriman system. The movable span 
is a through one for highway traffic, while the two flanking spans are 
through for railway traflic and dcrk for highway traffic. The lift span 
rests on columns placed on the piers. The lower deck has a clearance i 
of twenty-six feet alx)ve low water anti one of only five f(*et above high ' 
whaler, the l)as(' of rail being six foct higher. The upjx^r deck is fifty -two 
and a hall Icet alK)Vo the lower dtrk. The latter has a separate lift of 
forty-six f<'et, making a clear height r»f sovcntj'-two feet abovp low water, 
oi hfty-one feet alK)ve high w:iter, without moving the upjKT dt»ck. The ; 
hiUir has a lift of ninety-three feet, so that when hoisted with the lower ' 
deck also in raised position, the total Uft of the lower deck is one hun- 
dred and thi^t^•-nine feet, and the total clearance is one humlreti and 
sixty-five feet alK)''^e low water and one hundred and forty-four feet above 
high water. This clears the highest-masted vessels entering Portland. 
When the lower deck alone is lifted, all but the largest steamboats plying 
the river can pass at ordinary stages of water. The vertical lift spaa 
is much the heaviest of that type thus far bmlt, the total load lifted, in- 
duding counterwdghts, amounting to nearly nme million pounds. The 
towers are about two hundred and seventy feet high above low water. 

The main or upper deck is lifted at each comer by sixteen sted eableSt 
two and a quarter inches in diameter, passing over a sheave fourtem feet 
in diameter. Each sheave weighs twenty-four tons; but as the boixeB 
were attached before hoist ing, the weight to be lifted was thirty-five tons. 
These main sheaves rest on heavy sheave girders }>etween the tower posts. 

In i'ach tower there is a single main cuuHlvrwcight made of concrete 
weighing over one million seven hundred thoiisand pounds, the over-all 
dimensions being forty feet liright, thirty feet ^\i.lIh. and ten feet thick- 
ness. These couiitrTwcight.s were const met <•< I in ])ia('e around a steel 
framework. At the corners are projecting gui«l< s that engage the fixed 
guides on the tower. The lowt r deck has s»'|).uatc counterweights that ' 
were cast in sections on the main deck and aCter hardening were trans- 
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Flo. 3lh. Vertical Lift Bridge over (hf Big Choctaw Bayou, Luuit^iaua, on the Line 
of the M. L. ouil T. R. R. & S. S. Co.— Span Down. 




Fio. 31i. Vertical Lift Bridge over the Big Choctaw Bayou, Louisiana, on the Line 

of the M. L. and T. R. R. & S. S. Co.— Span Up. 
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Fig. 31>. O.-W. R. R. and N. Co.'s Bridge over the Willamette River at Portland, 

Ore. — Lifting Deck and Lifting Span Down. 




FiQ. 31*. O.-W. R. R. and N. Co.'s Bridge over the Willamette River at Portland, 

Ore. — Lifting Deck Up. 




Fio. 311. O.-W. R. R. and N. CJo.'s Bridge over the Willamette River at Portland, 

.Ore. — Lifting Deck and Lifting Span Up. 
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ported to the towors and raised into position. In order to keep the proper 
adjustment between span and counterweights tliere were provided a large 
numl>er of concrete blocks one cubic foot in size. These can be added 
to the counterweights as required. The total weight of the lower deck 
and its attachments Is over one million pounds, which, of course, is also 
that of the balancing counterweights. 

The operating machinery is placed in a house on the top of the mov- 
able span and at its mid-length, covering the full width between trusses. 
The operator's room is suspended beneath this house, so that he can ob- 
serve the main deck traffic as well as the river traffic. The machinery 
for operating the lower deck is driven by two electric motors of two hun- 
dred horse-power each, placed on the down-stream side of the house, and 
that for the upper deck by two similar motors located on the upstream 
side thereof. In the operator's room is placed the mechanism for locking 
and unlocking both the lifting span and the lifting deck. The cams for 
holding down the lower deck lock automatically; but they are unlocke<i 
by a special mechanism driven by a smiill ni<)t(»r. The main deck al><) 
locks automatically, but it is released by the operator's turning a whe<'l. 

The erection of the superstructure was a most formidable task, because 
the channel had to be kept open at all times for the inussage of Iwats, 
including high-inasted sailing vessels. The immense weight of the mov- 
able span, the fact that it was to rest on columns high al)ove the water, 
and the swiftn(»ss of the current made it seem to the contractor t(X) dif- 
ficult to build the span on scows and float it into place, as was done on the 
Hawthorne Avenue lift bridge over the same river some two miles dis- 
tant where the conditions were less onerous. It was, th»Tefore, necessary 
to erect the ni"val»ie span at its full height, supporting it by four wooden 
Howe trusses. The total cost of the structure was $1,700,000. 

Figs. 31n and 31o are photographic views of the City Waterway Bridge 
in the city of Tacoma, Wash. Its peculiar features are the unusually great 
height of the deck above the water and the overhead span for carrying 
water pipes. It will be noticed that the structure is on a grade. The 
Pu>\allup River Bridge located only a few blocks away is quite similar 
in type but of shorter span and narrower roadway. 

Fig. 31 p is a reproduction of a photograph of the Pcnn^lvania Railroad 
Bridge over the Sout h Branch of the Chicago River in the city of Chicago. 
It is built on (juite a skew, necessitating vertical rear legs in the towers. 
The length of >{):ui is two hundn'(| and seventy-two feet. It is a double- 
track structure, and some three hundred trains cross it daily. It is o|>iMied 
on the average al)out seventy-five times p<T day during most of the navi- 
gation season. This structure is designed for a i>ossible future 24-foot 
raising of the grad«* line. 

Fig. 3I7 is a vi(*w of another Ptiin>ylv.'mia Railroad Bridge, crossing 
the Calumet Uiver in South Chicago. Strictly sjxniking, there are two 
bridges, one being located close alongside the other, and each carrying 



Fig. 31n. Bridge over the City Waterway at Tacoma, Waah. — Lifting Span Down. 
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a double track. The skew is about the same as in the bridge last described, 
but the span length is only two hundred and ten feet. In the rear of the 
left-hand tower will be seen a Strauss bascule bridge in open position. 



r 




FiQ. 31p. Penosylvania II. R. Co.'s Bridge over the South Branch of the Chicago 

River, Chicago, 111. 




FiQ. 3I9. PeniLsylvania R. R. Co.'s Bridge over the Calumet River, South Chicago, 111. 



In En0neering News, Vol. 68, p. 1056, will be found a description of the 
Columbia River Bridge at Trail, British Columbia, together with the lay- 
out and a photographic view of the structure. Its peculiarity is that the 
towers and the machinery have been temporarily omitted, as at present 
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there is no steamboat traffic on the river at that place; but the complete 
plans are drawTi for the said towers and machiner>', and the steelwork is 
all arranged even to the open rivet-holes for attaching the new construc- 
tion at any time in the future so as to pick up either of the two interme- 
diate spans. 

The Lake Shore and Michigan Southern Railway Bridge over the 
Calumet River in South Chicago is very similar to the Pennsylvania Rail- 
road Company's Bridge for the same crossing, described previously. At 
first the L. S. 4 M. S. Co. intended to build a four-track lift span, and 
the plans were prepared accordingly; but later they decided to follow 
the lead of the P. R. R. Co. and build two bridges close together, the 
object being to provide for a poesible break-down. Their tracks at each 
end are so arranged that the traffic can be switched from either bridge 
to the other. 

Figs. 31r and ZU illustrate the Yellowstone River Bridge on the line 
of the Great Northern Railway. It is located a short distance above 
the junction ol that river with the Missouri in Montana, and there is 
a similar structure over the latter a few miles away. These lift spans 
have lengths, respectively, of two hundred and seventy-five and three 
hundred feet. The Missouri River lift-span is the longest yet built, and 
in fact the dear opening is the largest in the worid for opening bridges, 
barring only the Fratt Bridge at Kansas City, where, as explained pre- 
viously, the determination of opcming wsus fixed in advance l)y the exist- 
ing piers of an unfinished structure. It does not seem logical for the 
War Department to require such large openings in Missouri River bridges 
near the head of navigation thereon, while much smaller openings have 
been permitted everywhere else Ixjlow; but such wiis the case, and the 
railroad company and their consulting engineers could do naught else . 
but comi)ly with the law. 

Figs. 31i and 31u show the Blaek River Bridge on the line of the Louisi- 
ana and Arkansas Railway in Arkansas. Its lift span is one hundred and 
sixty-three feet long, and the vertical clearanee is the usual fifty feet. 
Figs. 31t; and 'Slw illustrate the bridge over the Little River on the same 
line of railway in the same state. Its movable span is one hundred and 
eighteen feet long. Attention is called to the symmetry of the layout 
for this structure and to the dolphins employed for protecting the 
piers. 

Figs, dlx and Sly show a photograph of the Salem, Falls City, and 
Western Railway Bridge over the Willamette River at Salem, Oregon. 
The length of the movable span is one hundred and thirty-one feet. In 
one view the span is shown rising as a steamer is approaching; and the 
picture indicates how close to a vertical lift it is permissible to run a vessel 
before raising is begun. In some of the Chicago bridges which have to 
be opened often and over which pass daily many trains, the steamers are 
allowed to come very close, indeed, to the structure before hoisting is 
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started; and the lowering is begun before the vessel iiaij actually passed 
the bridge tangent. 

In Fig. 3l2 is given a profile of a bridge over the Don River at Ros- 
toff| Eussia, the movable spani towers* aad machinery of which were 




no. ZU, Xmikimh 4b Aifcmns Railway Bridoe ovw Little Rhrer in LodriHUu— 

Liftit^SpanDown. 




I 



Lifting Span Up. 

dfidgned by the author's firm, the flanking spans having been designed 
by the bridge engineers of the Russian Qoyemment. The length of the 
movmg spaa is two hmidred and ten feet and that of eadi flanking span 
three hundred and seventy-sevea feet. Attention is called to the unnso-> 
ally great curvature of the rear legs of the towers, adopted so as to con- 
form to the decided eurvatuie that eiists In the top chords of the flank- 
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FiQ. 31x. SaleiUi Falls City, and Western Railway Bridge over the Willamette River 

at Salem, Oregon. — Lifting Span Down. 




Fio. Sly. Salem, Falls City, and Western Railway Bridge over the Willamette River 

at Salem, Oregon. — Lifting Span Up. 
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ing spans. This structure is now under construction. It is to be operated 
by electricity. 

In Fig. Slaa there is shown a portion of the long, deck, plate-girder 
bridge over the North Thompson River near Kamloops, B. C, with its 




Fig. 3laa. Ctmiuliun Northern Parific Unilway Bridge over Uic North Thompson 

liivor in British Columbia. 

lifting towers and machinery, all of which can l>c shifted at any time so 
as to pick up any one of the numerous spans that were made alike mainly 
for this purpose. 

In Fig. 31/>6 is illustratod a half-through, plate-girder bridge over the 
Oromocto River on the line of the St. John and Quebec Railway in New 
Brunswick, with its lifting span and towers, whicli it will bo noticed are 
of a different ty|K^ from those shown in Fig. 31aa, because of there being 
no necessity for rear columns and bracing. 

In addition to the types of vertical lift bridges covered hy the patents 
of the author and those of his finn, both Mr. Strau-ss and Mr. Rail have 
lately patented vertical lifts operating like their patented bascules but 
lifting at both ends of the span iiLstead of at one. These are certainly 
more expensive than the vertical lifts herein described, as was proved in 
one case in the author's practice by detailed comparative estimates made 
by his firm's computing force. 

In the following table are given, as nearly as may be in chronological 
order, the various vertical lift spans, designed and engineered by the au- 
thor and his firm, together with their general dimensions, load to raise 
and lower, and height raised, including four small ones designed by 
contractors and checked by the firm's computers. 
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1. Halstod St 

2. Keithsburg 

3. Sand Point 

4. Hawthorne Ave 

6. Mo. River, K. C 

6. Aikanau Kifw 

7. Tehama 

a. M. L. T. Ry 

-I i O.W.R.R.«feN.— U.D. 

Ip.W JtlLANv-L-D. 
la City Watflnraj at ) 
Tacoma ) 

11. Puyallup River ut | 

Taooma ( 

12. PsDii* NOt 443* • 

13. Trail 

14. T.ittlo Rivor 

15. Binck River 

16. St. Francis River 

17. 111. River 

18. Rod River of North. . 

19. Penn. No. 458 

20. Harri-Hburg 

21. Salem 

23. C.N.P.R.R.No.10. . . . 

23. St. Paul 

24. L,SAM.S.H.li.No.6.. 

25. International Falla . . . 
2a. Mo.Riv.G,N.By 

37. Grand Rapids 

28. YeUowaUme 

29. Oslo, Minn 

30. Oromocto. 

31. Don Rivw 

82, Caddo Lake 

88. Fteiflo Higbway 

• WkUholtoiran. 



1 - 

5 8 * 
B ' E 


Length of 

Lin Span 
in Feet 


c w 3 

pa 


Height to 
beUfted 

in Feet 


40 
17.7 


1.10 
229 


600,000 
940,000 


48 


18 

23.3 
32 

24.5 


83 
244 
425 
182 


60,000 
1,770,(KX) 
1 560 000 


50 

t 1 ^* 

1 Id 
43 
oO 


21.8 

lo. o 
34 

OA 


Iff/ 

50 
211 
211 


286,000 

3,420,000 

1 HATt (Wt 
1,UDU,UUU 


63 

43 
89 

46-89 


53.3 


214 


1,640,000 


78 


43.3 


161 


943»000 


115 


81.3 


210 


1^,000 


101 


21 


171 


266,000 


50 


17.3 
17.3 
17.3 

18.3 
19.2 
29.5 


118 
1G5 
162 

173 
140 
273 


a8o,ooo 

620,000 
620,000 

008,000 
120,(KK) 
3,00(),000 


44 
56 
73 

43 

25 
114 


17 

17.6 
18.2* 

21.8 
31 


200 
131 
90 
189 
210 


r».->o,ooo 

462,000 
236,000 

8.'>0,000 
1,410|000 


54 
56 
56 
101 


15 

17,7 


75 
296 


200,000 
1,660|000 


50 
43 


10 

17.7 


83 
271 


78,000 
M70,000 


.30 
43 


18 

17.5 
30.6 
18.6 
41 


155 
58 

210 
92 

272 


112,000 
147.000 

1,600,1 MX) 
218,000 

2,400,000 


25 
59 

131 
58 

139 



Spans Intcrchangeid>le 

for Lifting 
SmaU Highway BndfB 

Lifting Deck Only 
Spans Till I rrhaijpiaWn 
for Lifting 

Plate-Cirdor Lift43|Mn 
Upper Deck 
Lower Deck 

Carries Waiet Pipe 

Overhead 
Carrie;^ Waler 

Overhead 
Two HridKert Tvike 

Clo.se Alongside 
Towers and Machinefy 

Omitted ToBiponttily 



Light Highway Span 
To be Duplicated in 
Future 



Plate<}iniflr LiMpao 

Two Bridges Uke This 
Close AKNiBride 

Light Highway Span 
Spans InterchaogeaUe 

for Lifting 
Light Highway Span 
Spanr^ InterchaageaUs 

for Lifting 
Light Highway Span 
Plate-( '.inler Lift-Span 
Under Construction 
Snoall Highway Bridge 
Ui * ^ 



The vertical lift bridges thus far constructed as listed above may bo 
divided into three general types, viz.: 

A. Those in which the whole span is raised. 

B. Those in wliieli a deck only is raised up to an overlK^ad fixed span. 

C. Those in which a deck is rai.sed to an overhead movable spuai, 
which also can be raised to clear high-masted vessels. 

Class A may be subdivided into the following groups: 
a. Thoee stnictureo in which there is an overhead spttL 
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b. Those structures in which there is no overhead span. 

Those in Group "a" may be still further divided thus: 

Alpha. Where the supports consist of four columns with trusses 
between their tops, and 

Beta. Where the supports consist of towers braced on four faces. 

Those in Group "6" also may be subdivided thus: 

Gamma. Where the rear columns of the towers are inclined and where 
there is a main sheave at each of the four comers, and 

DeUa. Where the rear colunms of the towers are vertical and where 




Fig. 3166. St. John and Quebec Railway Bridge over the Oromocto River 

in New Brunswick. 



there are eight sheaves in all, one over each of the four colunms of each 
tower. 

The Halsted Street Bridge (Fig. 31a) and the Hawthorne Avenue 
Bridge (Figs. 316 and 31c) represent Cla.ss A; the Fratt Bridge (Figs. 
3 Id and 3l6) illustrates Class B; and the Oregon- Washington Railway 
and Navigation Company's Bridge (Figs. 31j, 31fc, 31/, and 31m) is an 
example of Class C. 

Group "a" is represented by the Tacoma City Waterway Bridge 
(Figs. 31 n and 31o) and by the M. L. & T. (Southern Pacific) Railway 
Bridge (Figs. 3lh and 310, and Group "6" by the Hawthorne Avenue 
Bridge (Figs. 316 and 31c), and the Fort Smith- Van Buren Bridge (Figs. 
31/ and 31g). 

The Alpha subdivision is exemplified by the M. L. & T. Ry. Bridge 
(Figs. 31h and 3h'), Beta by the Halsted Street Lift Bridge (Fig. 31a), 
Gamma by the Rostoff Bridge over the River Don in Russia (Fig. 3U), 
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and Delta by the two Pennsgrlvaiiia Hailroad bridges in Chicago (FSgB. 

Zip and 31 7). 

Before drawing this chapter to a close it is necessaiy to sound a note 
of warning to the ccnnpuier who makes the oaloulatiooB for a tifk^flpui 
that has cantUever brackets, in relation to the effect of a live load on 
one cantilever only. In an ordinaiy tipm of this type the uplift at the 
comer due to the overtuining moment of the live load on the bracketed 
portion is resisted by the dead load reaction there; but in the case of 
the lift-span there is no such reaction; consequently, there is nothing to 
reost the said overturning effect except the unbalanced load of the cables 
(if any), the starting friction of the sheave-journals, and the holdings 
down power of the operating ropes and bridge locks. For ordinary- eases 
where only uairuw sidewalks are cantilevere(^l from a wide deck, this 
overturning moment may be ignored; Imt where eitlier the stre(;t rail- 
way tracks or the wagonways are cantilevered, as in the ease of the Haw- 
thorne Avenue Hridge, some effective meaiLs of resisting tliis overturning 
moment must be provided. , In that case cantilever brackets from the 
substructure were put on so as to furnisli at their end bearings for re- 
ceiving the extreniiti«'s of the end cantilever brackets of the lifting span. 

The true economy of the vertical lift bridge i\s compared with both 
the swing span und the bascule is proved beyond the peradventure of a 
doubt by tlie thirty or more structures listed and described above. The 
type has come to stay; and it will continue to be used more and more 
as time goes on; for not only is it inexpensive in first cost, comparatively 
speaking, but it is also simple, rigid, easy to operate, and economical 
of power. It has met with considerable opposition up to the present 
tune, mamly from the owners of bascule patents; but it has overcome 
that opposition most satisfactcNrily and unequivocally, consequently the 
future of the type may be counted upon as assured. 
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CHAPTER XXXII 

I 

' BITKTBD TBBBUS PIN-CONNKGTKD TRU8BB8 

' For more than a quarter of a century there has been a desultory eon- 

i troversy in the technical press concerning th(^ relative merits of riveted 
and pin-conncrtcd })ri(lges. At first the division of t)pinion was between 
English and American enpcineers, but later the dissension took place among 
the enpiru M-rs of the United States. In spite of all the discussion that 
was evolved, no conclusion wius reached jis to which of the two types 
was preferable; and, truth to tell, ia the old days both types were so 
exceedingly f.aulty that, wlu n one now looks back over the coti t i f n o ngr, 
he is forced to the conclusion that both sides were wrong. Time has 
finally settled the question by showing that each t3rpe has its place in 
good construction, riveted trusses h&ng preferable for short spans and 
pin-oonnected trusses for long ones; but the dividing span length 
pears to have been and still is a changing quantity — ^increasing as time 
goes on. Twenty-five years ago it was about one hundred (100) feet, 
while today a consensus of opinion of the l^est authorities would prob- 
ably place it between two hundred and fifty (250) and throe hundred and 
fifty (350) feet. The author has built several riveted spans of unusu- 
ally heavy construction, as long as four hundred and twenty-five (425) 
feet, and there are today several still longer ones contemplated and even 
i under way. 

The disadvantages (»f the old tj'pe of riveted spans were as follows: 

First. Thev were lattice or multiple-intersection bridges, involvlDg 
on that account coiLsitleral)le ambiguity of stress distribution. 

Secon/I. Th( ir connections were exceedingly clumsy, crude, unscien- 
tific, and oftliiiics weak. 

Third. The weighUi of metal required for their nmnufacture were 
excessive. 

Foiuih. The secondary stresses involved were great ; but as veiy 
little was known in those days concerning their importance, they were 
ignored. 

Fifth, Where there was a possibility of washout during erection, the 
riveted structures involved more risk of disaster than did the pin-con- 
nected ones, because of the longer time required to couple up and make 
safe. 

The advantages of this old type were: 

fVrai. The deflectiotis and vibrations were comparatively small. 
Second, In case of the deraihnent of a train upon a riveted-lattioe 
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qMtfi Hs chanoe of eaoaping collapse was greater than that of a ooRMpond- 
log pin-oQiuiected flpaa under like cooditioiui. 

The disadvantages of the old type of puHSonneeted spans wen: 

FinL They were light and vihratoiy. 

Second, Their oonnectioos were unscientific and often weak. 

Hie advantages of this oild ^ype were: 

FinL The central pin-connections generally avmded ambiguity of 
stress in truss members. 

Second, The wei|^ of metal involved in their manufacture were 
comparatively small — in fact, generally too small for good construction 

and .satisfactory' operation. 

Third. The secondary stresses were usually low, owing to the free* 
dom for motion at the ends of most of the main members. 

Fourth, The time required for erection was comparative^ 
small. 

The modem riveted truss, when used for spans of ordinary lenptli, 
involves practically all of the good points of both the old riveted and the 
old pin-connected trusses i^ith but few of their disadvantages. In appear- 
ance it is similar to the old pin-coimected truss, from which it was evolved 
by substituting stiff meml)ers for eyebars and riveted connections for pins 
(excepting only that, at the end panel points of the bottom chord, pins 
are employed to connect the truss as a whole to the pedestals). This t3rpe 
of truss involves no ambiguily of primary' stress distri))ution except in the 
mid-panel of trusses having an odd number of panels, where» of necessi^f 
two intersecting stiff diagonals are employed; and in that case the am- 
biguity is of minor importance, bemg ccmfined to the said two stiff diag- 
onals. The appearance of this truss is good— just ss good as and more 
substantial looking than that of a corresponding pin-connected trum^ 
The weigjbit of metal which it requires is but littlci if any, greater than 
that needed for a similar pin-oonnected truss. The deflections are smaller 
than those of either of the two dd types of truss herein refened to, and 
the vibrations are as small as it is practicable to make them by any sys- 
tem of trussing. The chanoe of successfully resisting disaster from a 
derailed train is far better than that for a corresponding ])in-connected 
structure, and nearh- lis good as that for one of the old lattice jE^irders. 
But, unfortimatt'ly, the secondary stresses still remain large, although far 
smaller than those in the old lattice girders with their eccentric connec- 
tions. Such secondary strt^.sses as remain are due to the rigidity of the 
con nc( lions and not U) faulty intersections nor to unbalanced sectional 
areas of main meml>ers. 

Although modern riveted truss bridges often weigli a little more than 
the corresponding pin-connected truss briflges, the pound price for their 
manufacture is a trifle smaller; but tliis is offset more or leas by the 
fact that the erection of riveted structures is somewhat more expensive 
than that of similar pin-connected ones. .On the whole, there is toda^ 
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for ordlnan^ spans but little difference in total cost of CODipieted bridgses 
between riveted and pin-connected structuroB. 

As for the poasitHlity of loss of structure from wash-out during ereo- 
tkm, the modem riveted truss bridge has so few panels and connections, 
and the use of pneumatic riveters has so reduced the time required for 
rhreting that the danger involved by editing riveted mstead of pin 
connections is a matter which can generally be ignored. 

Rigidity is such an important feature in modem railroad bridges with 
their heavy and rapidly passing live loads that the leading bridge en- 
gineers of America now adopt riveted trusses almost invariably for short 
gpaiLs and for those of moderate length. The longer the span the greater 
is the economy of both metal and cost of erection for the pin-connected 
type of constniction, especially when the secondary stresses are given 
due consideration. The author believes that for present conditions it is 
better, generally, to limit the length of span for riveted truss bridges 
to about four hundred and fifty (450) feet, due cognizance being taken 
of the fact that the heavier the structure the shorter should be the limiting 
span length for riveted construction. 

There is one advantage tliat a riveted truss bridge has to an eminent 
degree over a pin-connected one, vis., that in case it be carried off its 
piers hy flood, it stands a good chance of avcnding absolute destmction. 
A pin-connected structure under such conditions is kare to become a 
mass of tangled wreckage that will cost more to remove than its scrap 
value; while a riveted structure may survive the shock well enough to 
be used again with moderate repairs. During the Kaw River flood of 
1903, all but one of some twenty bridges near Kansas City were carried 
away, and all but two of those that went out were total wrecks. Those 
two were riveted truss bridges, one an old one of rather unscientific de- 
sign and the other a firstn-lass modern structure. The old l)iitlge was 
cut apart and rebuilt, but the resultant structure proved to be about as 
expensive as a new bridge, while the spans of the new one were picked 
up, placwl upon the masonry, and submitted for several days to train 
traffic without any repairs. Of course, there were a few broken i)ieces 
in each span, but th(*se were of such minor importance that they were 
either repaired or replaced without stopping the traffic. Considering the 
iMct that one of the spans was transported seven hundred and fifty feet 
down stream and rolled over and that the other two spans were also 
earned some distance by the current, their resurrection in such good 
ihape speakz well for the strength and stiffness of the riveted-truss type 
of bridge. Fig. Ik illustrates the bridge in question. 

In i»n-oonneGted bridges there is undoubtedly a tendency to wear in 
the joints. This has been shown by numerous old, light, short-qpan 
Mdges and elevated railroads that have been taken down, and by rust- 
frash superposed upon the paint below the pins on eyebars of bottom 
chords. For light and short spans this wear au important factor, an 
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it limits the life of the structure to a short term of yeais; but in heavy 
and long spans its action is so exceedingly slow that it might require 
centuries to effect ai^ real damage. Of course, the slight dongation of 
the ^es in the eycbars will gradually lessen the camber, but that is of 
no serious importance. It is only when the metal back of the pin is too 
much reduced for safety or when the pin is materially cut into that the 
damage due to such wear becomes serious. 
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CHAPTER XXXm 
DmxNsioNma for gambsb 

Camber was introducod into bridges originally for the siike of ap- 
pearance. If a long line wiiich is practically horizontal sags a trifle, the 
result Is not only unaesthetic, but even sug^^osts a lack of strength; while 
if it rises slightly, the efTcct is graccfuL From this st^indpoint, it would 
be best to construct all spans having an approximately horizontal line 
as a salient feature with such camber that under the worst conditions 
this line would still have a slight upward curvature. Camber is also 
introduced into bridges today for the purpose of reducing <h* eliminating 
certain secondary stresses, as was esq^lamed in Chapter XI. 

Camber is sometimes used to meet requirements of under-dearance. 
It often necessary that no porticm of a bridge lie below a certain hori- 
sontal plane. By cambering trusses with nominally straight bottom 
chords, the end panels of each span can be brouf^t down dose to the 
clearance line, without the centre panda sagging below it when the span 
is loaded. However, this result cun be obtained more easily by raising 
thf structure a trifle; and the point will not be considered further in this 
chaj)t<'r. 

Ill plalo-girdor spans the principal horizontal line is generally the 
Iwttom of the girders, although somctinu's tlie floor lino is more promi- 
nent. (lirdfT spans are so short, that tlicrc is little need of cambering 
them for the sake of appearance or for any otlier reason. 

In tlirough truss bridges the principal horizontal lino is practically 
always the bottom chord, although somotinios the floor line is conspic- 
uous. Camber is provideil in practically all simple truss spans. Since 
the tops of the stringers must generally be parallel to the bottom chords, 
the introduction of the camber into the structure will cause the floor 
to rise slightly in the centre portion of each span when the bridge is un- 
loaded. This is unobjectionable in a single span; but when a bridge 
contains several spans, it causes a series of hunqps in the floor which are 
lather undesirable. These humps are not usually so noticeable in a high- 
way bridgBy as the amount of camber under full dead load need not be 
rery great, and the eye will not notice it yery much on a solid floor; but 
m railway bridges a larger camber will be required under dead load, and 
the rails make the humps quite conspicuous. Most railways specify that 
either half or all of the camber under dead load shall be taken out of the 
floor by dappmg the ties, unkes so ddng would cut into the timber too 
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deeply. The half-dapping ia preferable in most respects, as it does not 
cut into the ties bo muoh, and aa it will make the grade practically straii^ 
when a lino of pawwnger cars is on a qNui. The full-dapping aobeme has 
tbe advantage tiiat the track men can level up the track more easily, 
aa the grade is fltralgfat when there ia no live load on the biidge. Both 
plane are somewhat objeetionaUe, beeause it is quite diffieult to dap the 
ties properiy in either case^ and because the replacement of the dovpty 
dapped ties is very troublesome. In fact, some engineers consider that 
when a railway company requires that half or all of the camber hi the 
floor is to be taken out by dapping the ties, it is better to secure this 
result reducmg the camber in the stodworic and keeping the ties 
of uniform depth. This plan is certainly much simpler and mm satis- 
factory, so far as the track is concerned; and where the question of ap- 
pearance is not very important, as i:s often the case, it offers the best 
solution of the problem. 

In deck truss spans the bottom chord is ustially the most important 
horizontal line. As the top chord is almost always parallel to it, humps 
similar to those pnxhiced in the floors of through bridges by camber will 
occur in the floors of deck spans 'as well. They can be handled as was 
indicated for the case of through spans, or else the top chord can be 
given a smaller eartiber than iho bottom chord. 

In cantilever bridges the grade line vAW ordinarily be straight wlien 
there are several spans; but it generally rises to an apex at the centre 
of the suspended span, when there is only a single main opening. The 
bottom chord of the suspended span is generally parallel to the grade, 
but it may be somewhat arched. The bottom chords of the cantilever 
and anchor arms may be parallel to the floor line, or they may be arched, 
in which case the top chord may be at the floor line, or tt may extend hi^ 
above it. When the floor and the chords are arched, any further cam- 
bering for the sake of appearance is unneceasaiy. The secondaiy s tress es 
will generally have to be considered. If the floor Ime and tiie chords be 
nominally straight, it will be necessary to camber in order to prevent the 
horisontal Imes from sagging under any probable conditions. Here also 
consideration of the secondary stresses indll generally be neoeesary. 

Steel arch spans usually have no horisontal lines other than the floor 
line. When there is but a single span, the floor is generally laid out to 
a slight curve with its highest point at the centre of the span, as this 
adds greatly to the appearance of such a structure; but where there 
are several spans in succession, the grade .should be straight, or else it 
should rise but a trifle at the centre of each span. The cambering must 
be such that the floor line will never siig below the horizontal. 

The only nominally horizontal liiu's of a susi^erLsion bridge are the 
floor and the chords of the stifTf^ning trusses, which lines are nearly always 
parallel. These lines are made somewliat arched, so that it will be un- 
neceesaiy to camber for the sake of appearance. Cambering for second* 
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ary otrcflflco in Btiffening tniBNB of mispenrion bridgeB is generally un- 
necessary. 

The problem of cambering a swing span is, in general, one of cam- 
bering two simple spans, each of a length equal to tliat of one arm of 
the draw, with certain special features due to the fact that the two spans 
ne continuous. 

A vertical lift span should be ctunbered in the same manner as a simple 
span of the same type. Tlie cimhering of the towers requires special 
oonsiderationy however. The cambering of a bascule will depend upon 
its shape. A single-leaf bascule can generally be cambered like a simple 
span, while the eambering of a double-leaf bascule will usually be similar 
to that of either a simple span or an arch, depending on its form. 

Rdnforoed conerete bridges should be oonstructed so that the floor 
fine will be practically straight under dead load. It is frequently ad- 
maUe to have the grade rise a trifle at the centre of each span, so as 
to ensure that a dight settiement of the falsework irill not cause it to 
sag. The bottom lines of reinforced concrete girders should always be 
arched a trifle, if possible; and if made nominally straight, they should 
be chambered somewhat, so that they will not sag below a straight line, 
if the falsework should settle a little. The appearance of a concrete 
structure is always quite important; and sagging lines may ruin the 
beauty of an otherwise fine-looking bridge. 
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Aa was previously stated, there is generally no need of cambering 
plate girders. In case it is desired to do so, however, the gurders should 
bend at the splices only and be straight between them. If a guder be 
cambered so that it will be straii^t when loaded with full dead i^us live 
plus impact loads, it will be neceesaiy to use a camber of about one one- 
thousandth ( Viooo) of the span length when the ratio of length to depth 
of girder is ten (10). However, it is hardly worth while to camber quite 
this much, because such a load will be rare. Ordinarily, for girders hav- 
ing the alx)ve ratio of length to depth, a camber of oiit'-twi lvc hundredth 
(V1200) of the span length, or one (1) inch ]wt hundred (100) feet, 
will be about right; and for any other ratio of length to depth, the cam- 

{ 

ber should be where I is the span length and d the depth of 

l«,UiXi a 

the girder, both values being expressed in the same unit. The angle 
of bendingi 0, at each splice will be given with sufficient accuracy by the 
formula, 

^ " 1500(i(n + l)' 
irfaere n is the number of q[>lioes, and ^ is measured in radians. 
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If the ratio is 10, this becomes 

IBq.2J 



^ 150 + 

If the end stiffeners hQ set at right angles to the flanges, they will 
be inclined to the vertical at an angle 0' (in radians) given by the ex- 
pressioni 

f n I 

* " 3000"d (n -Tl)" ' 

If -J • 10» (his becomes 

■ 3000. +^1)- . '^'^ "'^ 

The girders are bent at the splices only, in order to simplify tlio shop 
work. Kaeh piece of the web can then be p\it through the multiple- 
punch as usual. The top and the lx)ttom flange angles will differ only 
in that one rivet space at each splice ^ill be larger in the top thaa in the 
bottom flange. In the vertical sptice p'ates, the Unes of rivets on oppo- 
site sides of the splice will make an angle with each other equal to the 
angle of bend. As the over-all lengths of the top and the bottom flanges 
will be different, the bottom lateral system (if any) will vary slightly from 
the top lateral system. 

The Cambering of Simple Truss Spans 

Theoretically, a truss should Ix) so caml)ered that under full dead 
plus live plus imy)act loads the t)ottom chord will be straight. Ihnvever, 
the provision of a i amber of this lunount accentuates the humps in the 
grade of the floor, or increases the dapping of ties to avoid tliem. Further- 
more, since the occurrence of this maximum loading is rare, there is no 
need of providing for it, so far as the question of the appearance is con- 
cerned. It is also unnecessary to con.-ider it a.s actinj]j when it is desinxl 
to camber in order to reduce the secondary stresstis, lus was ixjintetl out 
in Chapter XI. For truss spans in general, a goo<l rule is to camber 
for dead plus one-half of the live and impact loads; and this is the amount 
called for in the specificatioiLs of Chapter LXXVIII. A factor a little 
greater than one-half might Im nearer the proper value for si«gle-track 
railway spans, but the diff'erence is of small importance. The length of 
a chord under the above loading may be called its "normal" kngth, as 
It is the average of the lengths under dead load only and under fall load* 
The nonnal length of a span is an important ^gura, as the expansion 
shoes must be set in accordance with it; hence it is desirable to use this 
length in all the ceimber d^culati^not It mig^ further be noted that 
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the cambers obtained by the use of the above loading are about the same 
as those obtained by lengthening the top chord members by onMig^ith 
(yQ of an inch for eveiy ten (10) feet of length, which rule has been 
widely used for many years. 

The oamber of trusBes in general is to be figured in the following man- 
ner: The truss is assumed to have its nominal outline— 4hat is, the bot- 
tom chord straight and of pormnal length, and all posts perpeaodioular 
to it and of nominal length, — when under dead phis one-half of live and 
impact loads. The corresponding lengths of the diagpnals are then fig- 
ured; and also those ol the top ehord members, unless the said top duird 
be straight, in whieh case th^ will be of the same lengths as the oone- 
sponding bottom ehord members. The lengths of the various mwmlMbt^y 
under the alwve conditions will be termed their normal lengths. Next, 
the changes in the lengths of the various members due to the dead load 
plus one-lialf of the live and inij^act loads over tlie entire span are to 
be figured, and these amounts added to the normal lengths of the com- 
pression members, and sul)tra('t<Hl from the narmal lengths of the tension 
members, thus giving tlu' theoretic shop i(Migths. All of the above lengtlis 
should be computed to the nearest hundredth (Vu)o) of ^vn inch. If the 
truss be a rivet(Hl one, the actual shop lengths are to ho found by expressing 
the theorelw shop lengths to tho nearest thirty-second (%o) of an inch, 
which is as close as the shop work am be done. If tiie truss be pin- 
connected, the adual shop lengths are to be found by first expressing 
the theoretic shop lengths to the nearest thirty-second (^igg2) of an inch, 
and then by further increasing the length of each compression member 
by one sixty-fourth CIm) "f an inch at each end which bears on a pin, 
and similarly decreasing the length of each tension member by the same 
amount, in order to allow for the play at the pin-holes. 

The camber of a riveted truss in its no-load condiUon is figured by 
drawing a Williot diagram (see Chapter XII), using for the changes m 
the lengths of the various members tiie differences between their normal 
lengths and their theoretic shqp lengths. The adoption of these differ- 
ences, rather than those between the normal and the actual shop lengths, 
saves a little time; and it is really a trifle better, as the truss, if riveted 
up under these conditions, will taJce its nominal outline under dead plus 
one-half of live and impact loatls, while if the actual shop lengths were 
used it would not do so exactly. The emplo>Tnent of the theoretic 
shop lengths will mean ]>ossihle mismatching uf hok\s amounting to 
one sixty-fourth or ev'on one thirty-second (^i^) of an inch, when 

the connections are reamed to templets, hut this is of no im|X)rtanco 
whatsoever; while if the truss is nssemhlfHl hi the shop and its connec- 
tions reamed (which is the proper methotl), even these slight mismalch- 
ments will he corrected, because the tniss will be laid out for the reaming 
in aceordance with the caml>er «liagram as above computed. 

The camber of a pin-connected truss in its no-load ccmdition is also 
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to be figured by means of the Williot diagram, using, however, for the 
changes m the lengths of the various members the diflEerence between 
the noimal and the actual shop lengths. The adoptkm oi the latter 
is necessary in this ca.'^e, as the pins cannot take 19 slight differanoes 
as can the hot rivets. The actual outline of a pin-connected truss wiiea 
under dead load plus <Mie-lialf of Mve and impaet loads is likely to vaiy 
subtly from the nominal outline^ due to the differanoes between the 
theoretic and the actual shop lengths, and to the uncertainty as to the 
amount of play in the pin-holes; but as the amount of thia variatioii in 
camber caused by such differences in any one member should rarefy be 
as much as Qne<«ig|ith (H) ^ ^ m the variatians due to dif- 

ferent members are likely to be compensating, no account need be taken 
thereof. It mfi^ be well ahnoni to handle the diffetenees between theo- 
retic and actual shop lengths so that the actual shop lengths of the com- 
pression members wiH tend to l3e too great rather than too small, and 
those of the tension members too small rather than too great. As a 
result of this procedure the truss will have its nominal outline under a 
load a trifle greater than the dead load plus one-half of the Uve and im- 
pact loads, which is entirely satisfactory. 

For long spans the above-explained method of figuring shop lengths 
and camber should generally be followed. For shorter spans the approxi- 
mate method Ix'forc mentioned — that of increasing the length of each 
top chord member over that of the corresponding bottom chord member 
by one-eighth inch for each ten (10) feet of length — ^will give good 
enough results, if the distorting effect of secondary members, such as hip 
verticals, be duly eared for. In general, it might be said that this ap- 
proximate rule can be applied to all epm two hundred (200) feet or 
less in length. Its apphc&tion to ^ with parallel chords causes the 
shop lengths of all diagonals and of all posts (c. to c.) to be alike throm^ 
out the qian, so that it is particularly advantageous for that type of 
truss. It would be a veiy good rule to use the approamate meUiod 
for truans with parallel chords, and the exact one for ihood with polygonal 
top chords. 

The iqipraximate method is to be applied to a tniss with parallel 
chords hk the foUowhig manner: The theoretic normal length of the en* 
tire bottom chord (c. to e. of end pins) is known, and firom that its theo- 
retic length under no load is figured. The shop lengths of the various 

panels are then made equal (for the ordinary case, in which the panels 
arc nominally of e<iual len^^^h). Ilicse panel lenp^hs should l>e expressed 
to the nearest thirty-second (J32) of an inch, and then the actual no- 
load and normal lenji^ths of the entire bottom chord should be determined. 
These should rarely vary from their theoretic values by as much as one- 
eighth {yS) of an inch. The shop length of each top chord panel is next 
found by making it longer tiian the shop length of the corresiwnding 
bottom chord panel by one-eighth of an inch for each ten (10) feet 
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of lengthy the said shop length being alwajys expressed to the nearest 
thirtyoeeoond (/^t) of an inoh. The shop lengths of the various posts 
idiieh fonn a portioa of the main trass system are then taken eiiiial to 
the nomuial trass depth, and should likewise be expressed to the nearest 
thirty-eeoond (^) of an inch. The shop length of any hanger whieh 
cairies a single panel load only (as the hip-vertical in a through Pratt 
truss, or the hai^^ hi a through triangular truss with verticals) is made 
less than the nominal truss depth by the amount of its extension under 
(load loaxl plus one-half of live and impact loads; and the shop kngth 
uf any strut which curries a sinj?le panel load only (as the struts in a 
deck triaiij^ular trus,s with verticals) is similarly mad(^ greater than the 
noniiiial truss dcjith. The above shop lenjt^ths are also taken to the 
nearest thirty-second (/32) of an inch. The shop lengths, Ip. of the 
various diagonals and uf the inclined end posts are then figured by the 
formula, 



in which 



Ip « shop length of top chord panel, 
Ib « shop length of bottom chord panel, 
and d ~ nominal truss depth. 

If there be two intersecting diagonals in the centre panel of a riveted truss 
that has an odd number of poti( l< it will be best to make the shop length 
of each half-diagonal one-half of lo, and figure on riveting the centre 
connection after the span has been swung, if this be practticable. 

The camber of the truss under no load is then determined in the fol- 
lowing manner: The panel pohdts of both chords are first assumed to lie 
en arcs of circles, with the posts, hangers, and stmts radial, the hangen 
and struts being assumed for the present to have the same length as the 
posts. The radius Rb for the circular curve containing the bottom 
chord panel pdnts is given by the formula, 

d 

and the radius Rt of the circular curve containing the top chord points 
by the expresnon, 

Rom these equations we get 

Rr-RB^d, lEq. 8J 

ai is self-evident. 
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The distanoe y of the centre point of the circle on idiich the bottom chord 
points lie above the line through the end pma is 

where I is the shop length of the lx>ttom chord. 

If we represent the number of panels by n, Equation (9) takes the fonui 

y - — — . DEq. 101 

For any panel point distant n' panel lengths from one end of the span, 
asBummg the curve to be a pamlx>b» the camber e is given by the ^ 

^ 2di 2d • 

The camber of any top chord point is evidently equal to that of the cor- 
responding bottom chord point. Since each post is radial, the top chord 
point will not he vertically over the bottom chord point, but will be located 
a distance x to one side, the value of x being given by the expression, 

The value of c for any ]~>oint which is connected to the main truss 
system by a hanger or strut must now be corrected b\' the amount that 
the shop length of the said hanger or strut differa from the nominal depth 
of the truss. 

The "shop lengths" mentioned thus far in the discussion of the ap> 
proximate method of cambering have referred entirely to the distances 
between panel points. In i( riveted trus8» these lengths will be used for 
the various members directly; but in a pinnionnected truss, each eQa»> 
preesion member must be leDgthcned one-sizfy4burth (^) of an inch 
at each end which bears on a i»n, and each tension member must be 
similariy shortened by an equal amount, in order to talse care d the 
play at the pin-holes. 

The appronmate method has been explained above entaiely with 
regard to its application to Pratt and single-Intersection Warren or tri- 
angular trusses. It may also be applied to multiple-intersection trusses, 
but the use of such types today is so rare that an extended treatment of 
their caniherinfj is not justified.- A Petit truss, even if of sliort span, 
should he canii)ered by the exact method, in order to reduce as far as 
possible the distorting effects of the secondary members. 

The form of the camber curve of a nominally straight bottom chord 
will be nearly the same, no matter which method of cooOipuiUflg the caoi- 
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ber IS followed. The oonre given the enet method will be a little 
ahafper at the centre and flatter at the ends, bo that if the two methods 
gave the same eambets at the oentie in any partiisular case, paneI-^)oint8 
near the qoarter-points of the eptai would be located a trifle higher by 
the app ro rimate method than by the exact one. This difference might 
amount to as much as one-quarter Q4) of an inch for a span two hun- 
dred (200) feet long. This would mean that if such a truss were cam- 
bered by the approximate method, and then loaded so a^^ to take out the 
entire camber at the centre, the quarter-jx)ints would remain about one- 
quarter (\4) of an inch liigh, instead of coming do^n into the straight 
line between the end-j)in.s. This is, of covirs«\ of no i)ractical unportance. 

The cambering of trusses lias thus far l>eeu discussed on the assump- 
tion that the span would be erected on falsework. It is frequently nec- 
essan,^ however, to erect simple-truss spans by rantilevering out from 
adjacent spans, or from the banks. The shop lengths of the various 
members of such a truss can be detennined in the same way as for a qMn 
which is to be erected in the ordinary manner; but it will be necessary 
to figure the camber for several special erection oonditkxDSy in order to be 
able to set the members first erected in their proper positions^ to cheek 
the correctness of the erection work at various stages, and to effect any 
necessary adjustments. When making these figures, it ia.necessaiy to 
take into account the lesuH of the distortion of the special erection mem* 
bers^ and, when the span is cantilevered out from adjacent construe* 
tion» of the distortion of the latter as well. The 'Vmiiot diagram is gen- 
erally empliosred in such cases, although the analsrtic method can be used 
when the position of but a single point is desired. . The latter has the 
partkmlar advantage that tiie movement of this point due to the adjust- 
ment of any particular member can be determined directly. If the shop 
lengths are computed by the approximate method, the positions which 
the various panel-points would occupy if the trusses were to rest on cam- 
ber blocking should be figured, and the ^listoI'tiolLs from that outline 
due to the erection stresses should be calculated. If the exact method of 
detemiiiiiiiji; the shop lengths is used, the outline of the truss when under 
the dead load plus one-half of the live and impact loads should be adopted 
as a basis, and the distortions due to the change in stresses from that 
condition to the erection condition should he figiireiL The exact methcxi 
raay be found to offer the more s;itisfactor>' solution, as the outline of the 
truss used as a basis therefor is generally rectangular, whereas the one 
employed in the other case is distorted into the circular sliape. £ither 
sehema, however, gives correct results. 

Tn Caiibsbino of CAnnunm BamoiB 

The amount of live load for which a cantilever bridge should be cam* 
bered is hardly as important a matter as the like question is in the case 
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of an ordinary simple truss bridge, because the dead load in any long 
span bridge (to which spans only this type of structure is suited) b much 
the larger portion of the total loading. The eCFects of secondary stresses 
can, in general, best be provided for by cambering for a live load of an 
amount lying between the total value and one-half thereof. When the 
floor line and the chords are more or less arched, the smaller value is en- 
tirely satisfactory; hut when they arc nomuially straight, it will be host 
to camlu'r for the total load, as the slight upward curve jdvcn to tlit- 
horizontal luies thereby when the bridge is unloaded (which is the onli- 
nary condition) will add to the appearance of tlie structure. In case chang(«s 
of temperature can cause deflections, this fact must also be taken into 
account. In figuring the shop lengths of the various meml)ers, the dimen- 
sions of tlxe structure imder the load for which it is to be cambered are 
hrst determined. The shop lengths are then computed precisely as in 
the case of simple trusses, taking into account also the distortions due 
to temperature (if any). Care must be taken to see that the deforma- 
tions of the anchorages are not overlooked. Next the outline of the 
truss under no load is figured. This is necessary for the assembling of 
the trusses in the shop, if this procedure is followed, and for the erection 
of the anchor arm, which is buUt on falsework. Then the outlines of the 
truss under various erection conditions are figured, hi order that the cor- 
rectness of the work may be tested at various stages, and any nece8sar\^ 
adjtistment made. This is of particular importance in case that the 
suspended span is cantilevered out from the cantilever uiuis. 

The Cambering of Stekl Arches 

As was previously mentioned, the only netnl for camber in an arch 
is for the purpose of preventing a nominal I> straight grade line from 
sagging. Hence, when the grade line is arched more or less, no camber 
is necessary, and the shop lengths of the various members can be made 
equal to their nominal lengths, allowing for the play in the pui-holes if 
the structure be pin-connccted. If the grade line be nominally straight, 
the arch itself still requires no cambering, and the shop lengths thereof 
are to be determined as above; but the deflection of the arch under full 
load and maximum assumed fall of temperature should be figured, and 
the floor-line caml)ere<l sufficiently to make it straight under that condi- 
tion, l iiis will affect merely the members can yiii<^ the floor. For span- 
drel-braced arches, it will be ium cssarj' to lay out the to[) » hord to follow 
the curve of the camlK-rcd tloor-Hne ratlier than as a straight line. If 
tlic arch is enn-ted on falsework, no camber diagrams will l)e re([uired, 
unless it he a hiiiL^'less or two-hinged arch wliieli it is desired to eonnet't 
under certain sijccial conditions; but if it be erected by cantilevering 
out from adjacent .spans or from the bunks, such diairrams must be drawn 
for various erection conditions, in order that the tirst members may 
be set properly, and so tliat the correctness of the work may be tested 
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at intervals, and any necessary adjustments effected. In making these 
diagramsi the distortioiis of adjaoent spans or of the anchorages or other 
special erection devices must be duly considered. 

Thb Cambbbinq of Suspension B&ioges 

In general^ it will be best for a suspension bridge to have its nominal 
outline under dead load and shop temperature. The shop lengths of 
ike cables and the members of the stiffening trusses are first computed, 
and then the outline of the stifTening truss under no load. Finally, the 
cambers of the cables and stilTcning trusses under various erection con- 
ditions are ti;j;ur('d, in order that the ('orrectness of the erection work 
may be checked at any time and any necessary adjustments made. 

The Cambbrdto op Swing Spans 

Theorol icfilly, eaoli ami of a swin^ span should be so cambered that 
any iioiiunally straight chord thereof will l)e straiglit wlien the full live 
(plus impact) load is on that anu only. However, as in the case of a 
simple span, it is practically better to use a somewhat smaller camber. 
A satisfactory amount is obtained by assuming the nominally straiirht 
diords to be straight when full live (plus impact) lo:vd covers the entire 
span; and as the stresses for this conditioga of loading are always com- 
puted when the truss is designed, it will be a comparatively simple case 
of loading to figure for. 

In findmg the shop lengths of the various members, the entire truss 
* (including both arms and the centre tower) is assumed to be of nominal 
outline under fuU dead load plui» live plus impact loads, the uplift from 
ifae wedges being taken as the w>ft»imiim amount which is conadored to act 
when the top and bottom chords are at the same temperature. The 
shop lengths of all of the members are then calculated hi precisely the 
same manner as was previously explained for simple spans. The camber 
under the no-load condition is then figured for use in assembling the 
trusses in tlie if this be specified, ainl in erecting the bridge, if this 

be done on falsework. If tlie ere* i ion !»• accomplished in any special 
manner, additional caml>er diagrams for various erection conditions may 
be necessary, in order to check the correctness of the erection work at 
various stages and to make any needed adjust niciits. It will also Ijo 
necessary to draw a camber diagram for the condition of span swinging, 
in order to be certain that sufficient movement has been provided lor in 
the end we<lges or toggles. In drawing the last-mentioned diagram, the 
effect of the top chord's having a higher temperature than the bottom 
duud is to be duly considered. 

The Cambering of Veetical Lift Spans 

The span itself should be cambered in precisely the same manner as 
• simple span, and for the same condition of loading. It will be neces- 
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saiy a]flO to figure the lengths of the chords under dead load osdy, as 
that ivill be the loadmg at the tune when the span Is opented, and the 
one which will detennme the locatioii of the guides. The possible changes 
In the choid length due to temperature must be computed, m oider to 
detennine the play in the guides and the dearanoe with the towen when 
thespanisoperatiiig; and the changes due to the live load are also needed 
in (HPder to obtain the same information m respect to the guides and the 
centerinjij castings when the span is seated. In thLs connection, it should 
Ixi noted that under temperature changes both the top and the bottom 
chord points at the fixed end of the span remain stationary and thost 
at the expansion end move; but when the Uve load comes on the bridge, 
the bottom chord point at the fixed end remains stationary and the one 
at the expansion end moves, while the top chord point at the expansion 
end remains practically stationary and the one at the fixed end moves. 

The cambering required for the tower will depend on the t>'pe thereof 
and the manner in which it is sui^Ktfted. The sevecai ordioaiy types 
will now be considered. 

When the tower is of the four-leg type resting on maaomy, with each 
edumn carrying the load of one sheave, no camber is necessary. If the 
rear legs rest on a span (which construction is very unlikely), tlie lengths 
of the tower legs will have to be such that the tower will be vertical when 
the supporting qian carries dead load only. If the tower is to be erected 
after the supporting span has been swung and has received the larger 
portion of its dead load, it should be set vertical; but if it Is to be erected 
while the said qiaa la on falsework, or before it oanies most of its dead 
load, it will have to be erected leaning f <»rward by audi an amount that 
when the full dead load comes on the qmn, the tower will assume a vertical 
position. 

When the tower Is of the fllngle-bent type resting on maaomy, no 
camber Is necessary. If, however, the nfthtmtMi are riveted to the end of 

a plate girder or truss span, the connections must be so detailed that it 
will he vertical when the said span is under dead load. The remarks 
aliovc given concerning the erection of towers of the four-leg type will 
apply to this style of tower as well. 

In the usual type of tower a front column carries the entire load from 
the sheave, and is braced to a hght rear colunm by a system of webbing. 
This rear column takes practically no load, and is generally supported 
by an adjacent fixed span, while the front column rests directly on a 
pier. The distance between the front and the rear columns of the tower 
at the top is quite small, say eight (8) or ten (10) feet, while that at the 
bottom is much greater. Wh^ as is usually the case, the fixed span 
is a truss span, the rear leg is support (d at the hip-point, if the tower 
be of ordinaiy height^ and at the next top chord pointy iC the tower be 
very high. 

It is evident that the tower must be so cambered that when the full 
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load is on the sheave and the dead load only is on the supporting span 
the front column w\\\ he vertical. The proper shop lengths of the various 
luembers are detetmiaed in the loliowiDg maimer; The poation of the 
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FiQ» 33a. Camber Diagnuu for Tower of Vertical Lift Bridge* 



panel-point which carries the rear leg Is first found for dead load only 
on the span. Then the nominal outline of the tower is settled, using the 
poeition just figured for the panel-point at the bott(»n of the rear leg. 
The lengths of all members as given by this diagram may be called their 
laminal lengths. The theoretic shop lengths of all panels of the rear 
kg and of all bracing members will be equal to their nominal lengths, 
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wliilc tbo thoon^tic sliop lenp:tiis of the various panels of the front cohimn 
are deternimed by adding to their nouiinul lengtlis their deformatiomj 
under the load from tlie sheave. The actual shop lengths are found 
by expressing the theoretic shop lengths to the iiiearest thirty-second ( ^) 
of an inch. 

The camber of the tower is next to be figured. Its nominal outline is 
already known; and from that its position when the supporting span is 
under dead load only and no load is on the sheave is determined by a 
Williot diagram, using for this purpose the differences between the nominal 
lengths and; the theoretic shop lengths, as the connections will all be 
riveted. If ^jtbe tower is not to be erected until aft^ the supporting span 
has been sWung and has received practically its full dead load, thi.s diu- 
grain is all that is necessary. In ca^>e tlie tower is to be erected while 
the span is still on falsework, or before it htis received its full dead load, 
an additional camber diagram is to be constructed as follows: The 
movement of the panrl j>oint at the Iwttom of the rear leg from its posi- 
tion wlien full (lead load is on the supporting span is first figured, this 
movement being uf)ward and tow^ard the lift span. Let the horizontal 
and the vertical components of its motion be called 5^ and 8^, respectively. 
The resulting motion of tlie tower maj' then be thought of as consisting 
of a forward movement of the entire tower (except the foot of the front 
column) equal to and a rotation, about a point in the front column 

S, 

at the elevation of the bottom of the rear leg, through. an angle — , w 

being the distance from the centre of the front coluimi to the centre of 
the rear column at tliis jioiut. The total fonvard movement 5 of any 
point distant h above the bottom of the rear leg will, therefore, be given 
by the formiUa, 



These movements, 5, of the various points arc, of course, from their posi- 
tions in the cami)er diagram previously drawn, not from their positions 
in the nominal outline. 

Fig. 3.3a illustrates the application of the above methods to th(^ draw- 
ing of the camber diagram of a tower for the supporting span under full 
dead load, and also on the camber blocks. 




[Eq. 13] 
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CHAPTER XXXIV 

PBOn&CTION OF MBTALWO&K 

Om of the Berioos problfiois oonfronting the bridge en^neer m that 

of protecting metalwork under all conditions and in all places. Many 

observations, tests, and investigations have been made in the endeavor 
to find ail efft'ctivc means of protecting st(iel structures. A record of such 
a s<'ries of tests and their results is to l>e found in Vol. XIV of the Pro- 
cecflings of the American Sorirty for Testing Materials. An excellent re- 
sume of the latest developments and conclusioas with a brief sjTiopsis of 
results accomplished by that society and other investigators is given in 
Vols. 1 ~) :md 10 of the Proceedings of the American Kail way Engineering 
Association. 

That the rusting of steel is due to an electrolytic action is becoming 
more thoroughly established with advancing research work. The lack 
of homogeneity in the metal fumishee a difference in potential between 
two contiguous portions, and the presence of water or moist air starts 
the said' electrolytic action. Every particle of surface impurity, whethor 
oonsistmg oi Garbon, dnder, or oxidei fonns with the iron in the presence 
of water a gahranic couple or minute battery. It is impossible in the 
present state of the art to eliminate theee impurities; hence, for a practical 
remedy, we must look for a protective coating that will effectively shot 
out all wattf and air. The most common means of providing a coating 
is that of painting the structure. 

Some experiments indicate that different ingredients of paint have 
different effects upon the metaL Some seem to act to as "inhibltorB,'' 
some as '^neutrals," and some as "stimulatorB^' of rust. This is to be 
expected, for the accumulated experience of mankind shows that differ- 
ent niaterial> ii.ive iliiferent i)roperti^ and that, l>ecause of this variation, 
some of them mu'<t approacii any given stain laid closer tluin others. It 
has also Ixm tnuml iliat these ingredients vary in tlieir al)ility to exclude 
and to shed moisture. A material may exclude it for the time lx»ing, 
but the surface character thereof may ])e sucli that the damjmess will 
cling to it vmtil evaporated or absorbed; or tlie surface may be such as 
to mak(» the moisture run off quickly. A "sheddmg" pigment may bo 
a greater ai)sorber of moisture than it is an ^'excluder" and yet in some 
situations prove the better protection. 

Different pigments have different coeflicients of expansion and drying 
and different moduli of elasticity. In .some ca.sos the finishing coat will 
crack alon^ the priming coat; and the liabiUty of some of the best "in- 
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Mbiton" to crack k so great as to wairast thdr rejeetton. It has beea 
found that the ehemieal oomposftioD of the pigment may be affected by 

light, or heat, or moisture, or gases, so that it would fail under certain 
conditiuiis, wliilc under more favonible ones it would give goo<l service. 

The veliicle is lus inipurtiuit as the pigment. Some vehicles which 
have an objectionable degree of porosity may, with the addition of a pig- 
ment filling the voids, produce a successful protective coating. 

Investigations indicate that bituminous coatings protect metal better 
for a short time than any other kind; but that the action of the sunlight 
quickly destroys their life and renders them valueless as a protective 
material. 

The foregoing fju ts lead to the following tentative general conclusions: 

1. Priming coats should always be inhibitors regardless of their quaiitieB 
as excluders or shedders. 

2. Second coats should, prefr rably, be excluders; aadthe nearer they 
approach to the inhibitor class the .better. 

3. The third or finishing coat should be a good shedder, without re- 
ffid to its properties as an inhibitor, although the closer it approaches 
that class the more satisfactoiy it will be. 

4. Due consideration must be given to the conditions and the de- 
terioratmg influences to which the structure will be subjected. 

5. The value of a ingment is affectedby the process of manufacture, so 
it ma} ajjpear as an inhibitor, or a stunulator, or any of the various grada> 
ticns between; hence it is neoessaiy to detennine its process of manufacture 
before using it as a priming coat. 

Some earlier experiments indicate that carbon and graphite pigments 
and linseed oil are stimulators and, hence, are not desirable for the prim- 
. ing coat; while zinc and zinc-h ud pigments are good ])rimers. Later ex- 
periments are somewhat eontradictory. It is also shown that pigiiieat 
of the lead bjwis may belong to uitiier cla.s.s, depending on the procesis of 
manufacture. 

The most eonimonly used paint % ('lii( le is linseed oil. This alone docs 
not make a good priming coat, as it is a stimulator and also a jx)or ex- 
eludfT. Attempts have been made to find another oil that would better 
meet the conditions. An account of such a test on 59 dili'ert iit vehicles 
is given in the Engineering News, Vol. 73, page. 70 In this test each of the 
different vehicles was mixed successively with four different pigments^ 
vis., red lead, iron oxide, graphite, and carbon. The result of the exr 
periments showed that linseed oil with the four pigments in turn avcr» 
aged highest for one coat, one year; wxt to the highest for one ooat» 
two yeans; next to tlie highest for two coats, one year; and neat to the 
highest for two coats in two yean. In no case was there very much dif* 
ferenoe between the linseed oil paints and the paints mixed wHh bkadied 
varnish oil or with extra-bleached winter fish oil. Those mixed with 
the two last mentioned oils gave sli^tly higher avenge tesults. For tha 
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liresent, at least, it seems that we must accept Imseed oil as the best avail- 
able vehicle and endeavor to make up its deficiencies by the judicious 
selection of pigments for the several different coats. Hence for priming 
coats, a neutral or inhibiting pigment such as red lead or a zinc oxide 
should \yG adopted. So far, red lead, as a primary coat, lias proved alx)Ut 
as eflfective as an\^ other pigment in the retardation of rusting. 

Several years ago the author sent a letter of inquiry i<j the Chief En- 
gineers of twenty of the principal railroads of the United States request- 
ing a statement as to the kinds of paint they used and the lengths of life 
thereof. A canvass of the rcplif^s sliowed that fourteen roads used red 
lead; five employed carbon only, and three had adopted carbon in addi- 
tion to red lead. One road employed iron oxide exclusively, and one used 
it in addition to red lead; nine employed graphite (one exclusively, one 
in connection with carbon, and seven in connection with red lead); two 
roads used lamp black in connection with red lead, and one road em- 
pl<^yed aaphaltum in addition to red lead. As these roads had done, on 
their own account, some experimenting and investigatmg before adopting 
a particular paint or combmation of paints, it is to be inferred that the 
process of elimination left each road with the paant best adapted to meet 
the conditions prevailing on that i^ystem. Hence the fact that different 
paints were adopted by the several roads leads to the conclusion that 
no one paint will suit all conditions. However, the concensus of opinion 
is largely in favor of red leml for th(^ priming coat. It should l)e finely 
ground and mixed in the proix>rtion of 25 to 30 ll)s. of lead per American 
gallon of linseed oil; and the mixing should Ije done just before the time 
of ai)phcation. The pigment should not be allowed to settle. As it is 
somewhat difficult of application, a good workman with a stiff brush is 
required to put it on. 

For the second and third coats, which are to l)e applied after the 
metal has been erected, carbons, lamp blacks, or graphites should be used, 
as they are good excluders and shedders of moisture. Each coat should 
be of a distinctively different color from the others, so that it can readily 
be ascertained whether the entire area has been covered with one coat 
before a subsequent one is applied. It will facilitate the inspection work 
to have a small pocket mirror in order to reflect light in the places diffi-. 
cult of access. Surfaces in contact should be given their two field coats 
before bemg assembled in place. It is important that no painting be 
done in wet or freezing weather. 

In applying paint to new work, it is essential that the surface be cleaned 
from mill scale, mud, rust, or grease, that the metal be dry, and that the 
temperature of the surnjuniling air be above the freezing point of water. 
The more common method of cleaning is that of using steel scrapers and 
wire brushes. This is a slow process if thoroughly done. An acid bath 
is sometimes employed, followed by another of milk of lime, and then 
by a thorough washing with hot water. This method is expensive; and 
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it is also unsatisfactory, unless great care is taken to remove all ackL 
It is also apt to leave the metal wet and thus allow rusting to oommeiiiee 
bef oce the paint is applied Anotiier method which has many advantages 
Is that of the sand-blast. This removes rust, dirt, and mill scale, and 
leaves, the metal cleani diy, and free ftam add, so that pftititing can fol- 
low immediately. It gives a superior surface to that produced by the 
wire-brush method, and involves much less time and cost where there 
is a huge amount of cleaning to be done. On account of the thorougb- 
ness of the cleaning which it effects, the sand-blast secures a stronger 
adhesion of the paint to the metal, especially upon -surfaces that have 
been pitted by rust. Difficult corners and re-entrant angles which are 
inaccesjsible by linncl can readily be cleaned by this meth(xl. It has been 
found that an air-pressure of eighty pounds per square inch gives the most 
economical results. About tliree stjuare feet per minute can be cleaned 
by adopting this intensity. As the pressure ought to be constant, a small 
cylindrical receiver about 18 inches in diameter by 36 inches in length 
should be installed in the air main in order to steady the intensity and 
to catch the condensation. 

The elefining should be followed promptly with a coat of paint; for 
rusting is aj)t to set in quickly. Mill scale can be removed more easily 
with a sand-blast, if it has been allowed to rust somewhat. 

The cleaning of old structures preparatory to painting is usually done 
with scrapers and wire brushes. Unfortunately, the need for thorough 
•cleaning and its relation to the life of the paint that is applied subee- 
quoitly are not sufficiently appreciated. If they were, the use of a port- 
able sand-blast outfit would almost invariably be substituted for the 
inefficient method of scrapers and brushes. Before repainting a structure 
aU loose paint, rust, and dirt should be thoroughly removed; but any 
old paint which adheres firmly to the steel may be allowed to remain. 
The parts cleaned should have a rust^etardmg coating promptly applied 
(the same as that for the shop coat) ; then, when this is thoro<i|^y dry, 
the entire surface should receive the next coat. 

It will be found that usually the horizontal surfaces of a stroctuie 
show the first signs of paint deterioration. It would be economy to re- 
place the paint on thesii portions oftener than on the vertical surface?. 
iVs the cost of proper cleaning is giiutt r than that of the painting, it is 
better to do less cleaning and more frequent painting. Too much stress, 
however, cannot be laid on the matter of thorough cleaning before apply- 
ing the paint. 

Advantage may be taken of the fact that light colors absori> less ra- 
diant enertr>' from the raj's of the sun than do dark colors, and hence 
reduce the range of temperature \ ariation in the metal. For long swing 
spans, especially in hot countries, a light coloreil paint would prevent 
to some extent the heating of the top chord and the consequent dropping 
of the ends of the span. 
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There k another method of metal protection which has been growing 
in favor of late years, and that k the encasing of the metal in concrete. 

The parts to be protected are covered first with a wire mesh and a tem- 
porary wooden fonn is built around the same, after which a rich con- 
crete is poured in so that the member is completely covered. Another 
process is to cover the member with the wire netting, and, by means 
of an air gim, sciuirt a rich mortar afjainst the metal. This coating can 
thus be m.'uie several inches tliick, if so desired. Encasement of this type 
has been placed at a cost of about eight cents per square foot per inch 
of thickness. Results of experiments along this line will be found cun- 
veniently recorded in Vol. 15, page 426, of the Proceedings of the American 
Railway Engineering Association. A dense coating is desirable in order 
to prevent aJbeorptAm of water and poesible beginning ci electrolytic 
cofToeion* 

In some cases where a concrete casement luw been exposed to seepage 
from the floor of a bridge, it has cracked and allowed the wire mesh rein- 
forcement to rust through, with the result that the concrete has eventu- 
al^ dropped off and left the steel exposed. This trouble can be avoided 
by properly waterproofing the deck. It has also been found that where 
a concrete encasement is dose to the exhaust of the locomotive, the 
blast wears the covering away raindly so that additiimal protection 
is needed. This is pro^dded by interposing between the bkst and the 
concrete a steel plate, which will last several years and then can readily 
be replaced by another. 

•While much valuable information on the subject has been accumu- 
lated of late years, there is still need for more investigation and experi- 
mentation along th(^ lint' of effectively protecting steel structures before 
the last word can Ik- written thereon. 

The author is often asked the question as to what special brands of 
paint his exptuience would lead him to consider the best for metalwork; 
and he always answers to iha best of his knowledge and belief, notwith- 
standing any risk he may run of being char^»;ed with favoritism — or worse. 
Most en^ineer^ arc Minit what chary about expressing an opinion concern- 
ing the relative values of the materials that an; uschI in competition on 
their constructions; but the author is of the belief that an interchange 
of technical knowledge and experience of all kinds is of the utmost im- 
portance to the general welfare of the engineering profession. On tliis 
account he feels that he would not 1h' justified in completing this chap- 
ter without presenting a statement of his personal experience with the 
various kinds of bridge paints; and he herewith does so without offering 
any i^logy for such action. 

The question as to i^uch is the best ol all the standard Mdge pamts 
is a difficult one to answer, for some otherwise excellent paints will faU 
under certain peculiar conditions. For instance, during quite a long pe- 
riod, over a decade ago, the author adopted on many of bis Btnictures 
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the Detroit Superior Graphite paint, as it gave quite satisfactory results, 
having a duraUlity of about five yeara; but in his bridge over the Red 
Biver at Alexandria, La., and in a number of spans on the Vera Gnu and 
Fadfic Bailway of Mezicx> it failed utterty in two or three yean, prob- 
acy because of the ironn, moist, climatic conditions. On this account 
he ceased using it; but lately be has been informed by an agent of the 
manufacturers that his eicperience and consequent action constituied the 
reason for their makmg s(»ne esctonsive and elaborate experiments vpao. 
how to manufacture their product in different ways so as to suit dimates 
of all Idnds, and that they have succeeded in solving the problem to 
their own satisfaction. They now employ a special formula for each 
type of climat(», and are ready to guarantee the durability of their out- 
put when employed in the proper country. 

When building a bridge at Boca del Rio near Vera Cruz, Mexico, 
\\ithin a very short distance from the Gulf and quite close to the water's 
surface, the author recognized the necessity for the adoption of the Im -i 
possible pres(?rvative against the ravages of salt water in the tropics; 
consec|uently he j)rocee(led to make an invest igtition of what knowledge 
of the subject had been accmnulated V)y other engineers. He learned 
tliat the late A. J. Tullock of Leavenworth, Kansii:^, before building the 
large wharf at Tanipico, Mexico, had experimented in a very thorough 
and practical manner upon twenty of the best known brands of bridge 
paintSi and had found that one of them was far superior to all the others. 
It was called Z. P. Letter's Air-Drying, Salt-Wat«r-Proof Paint, and was 
manufactured in Chicago. Upon the strength of Mr. TuUock s recom* 
mendation the author applied it to the bridge mentioned; and five 3rean 
later he was informed that it was ni as good condition as it was the day | 
it was put on Havmg occasion afterward to build some importani 
bridges for the City of Vaiwuver, British Columbia, over False OnAf 
an inlet from the ocean, he specified the Leiter paint for both shop and 
field coats. The metalwork was manufactured in winter at the AopB 
of the Dommion Bridge Company near Montreal; and the coldness oC 
the steel prevented the paint from adhering to it, consequently its em- 
ployment had to be abandoned. It has been reported that tids paint 
m no longer pK K-urable, as its manufacturer is dead and its formula is lost. 
If such be the case, the fact is certiiinly to be deplored; because the paint 
uuiKnibtedly wais a most excellent covering iur uietalwork exposed to the 
salt water. 

On the Mexican liridj^es, before mt^ntioned. five different kinds of paint 
were tried so as to find the one best suited to the climate of the ti'trra 
calicntf — tlu' two already naiiH <i, a red lead ]>aint mixed with Leucol oil, 
and two otliers the namcis oi which have been luet. Ail but the Leiter 
paint failed very quickly. 

Johnson's Magnetic Iron Oxide Paint gave the author good service 
on several important bridges many years ago, but the manufacturer 
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thereof once adulterated his product to meet some close competition for 
a large piece of elevated railroad work constructed by a friend of the 

author's, hence the latter has never since used it, in spite of considerable 
pres.sure brought to l>car on him iiiid of many oft-repeated promises on 
the part of the nisinnfacturer "to l>e pcood" in the future. 

Ortain special bridge paints placed upon the market by Lowe Bros., 
Sher^'in-\\ illianis, Toch Bros., and the National Lead Company 
give excellent results; but as most ]):iint companies manufacture their 
products in varying degrees of excellence in ordor to suit the purses of 
all purchasers, the author cannot personally recommend any of their 
brands, as he has not used them to any great extent. There are, how- 
ever, two bridge paints that have always given satisfactory results on 
the author's constructions, viz., the Goheen Carbonizing Coating and 
Nobrac; but he has never used either m the tropics. These two paints 
seem to be always uniform in quality and very dependable. The manu- 
facturer of the former makes a practice of guarantedng his product 
for ten yeazs, provided he be allowed to place one of bis own trained 
men on the work to supervise, its application. Such a guarantee, at first 
thought, appears to be an excellent idea; but when it is adopted there 
generally arisef so much friction between the pidnt inspector and the 
contractor for erection as to make the life of the reddent engineer a burden 
to him. 

Red lead paint manufactured by the modern process of grinding in 
liiL^('<'d oil is certainly the best of all paints for the shop coat, but it must 
l>o honestly conii)oundcd, honc^stly mixed, and honestly applied in order 
to be truly effective. For the field coats of britlge metal there is not 
much choice between several of the best known brands of carbon OF 
graphite paints, including especially those above mentioned. 
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WOODEN BBUK3ES AND TBE8TLES 

Ai/THonoH wooden bridges in some fonn or other have been uiaed for 
many centuries, and although their design has finally attamed to a semi- 
scifiiitific stage of developmeDt, they are now rapidly beooming a thing 
of the past. The advent of cheap steely the introduetkm of reinfoieed 
ooncrete, the great increase of live loads, and the diminishing supply and 
deteriorating (quality of timber have contributed to this result. However, 
in some sp>ecial situations where timber is abimdant, of good quality, 
and reasonable in price, or where a structure is wanted for a temporary 
purpose, it is still true? ecunuuiy to build wooileu bridges. Hioridly 
speaking, such structures may be divided into two ciasseb, viz., truijto 
spans and trestles. 

Truss spans of tiinl^cr construction are used for opciiing.s that arc too 
large to admit of the load being carried by any availal^le timber beams. 
They may be of either lh(; deck or the through type. Tlie chords are 
composed of timbers placed side by side with spacers between and bolted 
together so as to act somewhat as a unit. Tlie spaces afford drainage 
and ventilation and thus retard the growth of the fungi that cause decay. 
The web members are sometimes made of planks fonning a lattice work 
of the multiple cancellation type like the Town truss, ss shown in Fig. 
1/; and in other cases they consist of two systems of diagonals arranged 
to take compression and crossing at the central point of panel, with steel 
rods for verticals, similar to the Howe truss shown in Fig. 22p, 

Lateral bracing of timber of the ssme type of cancellation located in 
the horiiontal planes of the chords is employed. Effective knee bracing 
and portal bracmg are difficult to secure. Care must be taken to see 
that the timbers of the bottom chords are propedy spliced for tensioa 
at joints with steel {dates of sufficient net section to devd«yp the net ten- 
sile strength of the wood; also that cast-iron bearuig or angle blocks 
are employed to distribute the stress from struts over sufficient bearing 
area of the contiguous timber to prevent the fibres thereof from being 
crushed. While timber can develop considerable resistance to forces ap- 
plied in the direction of the tibrei<, it hiis relatively little strength to re- 
sist tension across the grain, compression across the grain, or loni^itudiual 
shear. Its resistance is greatly alTected by moisture. During wet weather 
the \v»M>d liecomes soft and squeezes together, if the transverse load uu it 
is excessive. Wlien it dries out it shrinks, wliile the load coming on it 
holds it down to its smallest duneu>ioni and then when wet weather 
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comes again, it swells out at right angles to the direction of the load. 
These alternate ahriwkingp and swellings soon destroy the fibre and lessen 
materially the strength of the timber. It is essential, therefore, to adopt 
a small unit of compression across the grain. To obtain these low unit 
pressures it is necessary to use iron bearing plates of ample proportions. 
Correct detailing of splices and joints will do much to prolong the life 
of wooden structures. 

The floor system is supported on cross beams every few feet resting 
on or siL^|X'nded from the lower chords in ciise of m throiip;h span, or lying 
ujxm the upper chords in case of a deck span. Tliis loading pro<Iuees a 
bending in the chords tliat must he taken into consideration and combined 
with the direct stress when i)roiM)rtioning the sei'tion of the member. 

Timl>er trestles can V)e employed where the conflitions admit of using 
supix)rts about 14 fvvi apart to carr>^ the timber beams. These trestles 
may be di\ided into two general classes, viz. : 

First, File-trestles, or those in which each bent is formed of several 
piles, a cap, and transverse sway-bracing; and, 

Secondf Framed trebles, or those in which each bent is composed 
of squared timbers framed together and braced. 

Owing to the excessiye loigth of piles required for greater heights, 
pile-trestles should rarely, if ever, exceed thirty feet in height; while 
framed trestles, if properly designed for rigidity as well as for strength, 
may be carried up to much greater heights, the economic limit beuig 
probably about one hundred feet. 

Pile-Tbestles 

The bents of a pile-trestle should contain at least four piles each. 
Where the trestle d(x\s not exceed ten feet in height, the piles may lye 
driven vertically, and no sway-bracing need be used, provided that the 
piles have a good ix^netration in relial)le material. For greater heights 
of trestle than ten feet, the two outer piles of each bent should be given 
:i batter of from two to three inclies to the vertical foot. Each bent 
should also Ix? braced with one or two sets of 8Way-i)racirig, each composed 
of two 3"xl0" yellow-pine diagomils, thoroughly }>olt(xl to the piles, 
wherever they cross them, by J^" Iwlts. Wherever tlui piles are of irreg- 
ular sixes, th^ should be trimmed off so as to make the diagonal bracing 
fit properly. 

The piles for such bents should be so spaced laterally as to give great 
transverse rigidity to the structure, and at the same time afford ample 
support for the caps. A good spacing is as follows: Distance from centre 
to centre of outer piles, 11' 0"; distance from centre to centre of two 
inner piles, 4' 6''. * 

The caps should be at least 12" x 14" x 14', placed on edge and 
attached to the piles by means of }i" drift-bolts. 
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For ordinary pile-trestles in fairly firm soil no longitudinal sway- 
bracing ^\'ill be required for heights below ten fort; but for heights be- 
tween ten and twenty-two feet, one-story, longitudinal sway-bracing 
should be used in every fifth panel, so as to prevent the structure from 
moving longitudinally as a whole because of thrust of trains. For heights 
greater than twenty-two feet, each alternate panel should be braced longi- 
tudinally by two-story bradng, 80 as to hold the pitos at mid-heighi, 
and thus strengthen them as columns; and the transvme sway-bradzig 
for t liose cases should also be two-story lor the same reason. 

For ordinary pile-trestles up to twenty-two feet m height the penelB 
should be a trifle less than fourteen feet in kogth, while for greater hei^ilB 
either the same length may be used or alternate paneb may be made 
from twenty-four to twen^-eight feet long by trussing the stringent 
according to which of the two methods is the more economical. 

The stringers under each rail should be built of three runs of timlMr» 
generally sixteen inches deep, the suns being deteiml&ed from the load- 
ing by using an mtensity of two thousand pounds (or less) for the eaEtme 
fibre, when impact is induded. The stringer timbers are to be separated 
from each other at the panel pcnnts by means of timber packing-blocks, 
which are to serve also as splice-timbers. These timber blocks should 
be at least three inches thick and six feet in length, and should liave 
at lea.st four bolts through them. They are to be separated from the 
stringers by small cast-iron fillers three-quarters of au inch thick, so as 
to prevent the timbers from coming in direct contact with each other. 
The splice-timl>ers must. ])e matle wide enough to project an inch or two 
below the bottoms of stringers, and must l>e notched over the eajis so 
as to hold the stringers firmly in place. The distance from centre to cen- 
tre of middle stringers should be five feet. Intermediate cast-iron sef)- 
arators with bolts should be used between adjacent stringer-timbers, at 
distances not to exceed five feet centres. The length of the strii^Br 
timbers for ordinaiy trestles should be twenty-eight feet, so as to ex- 
tend over two panels, and thus stiffen the floor system materially. The 
ties should be 8'' x 8" x W. Thdy should be dapped over the stringen 
at least one-half inch and spaced thirteen inches from oentre to 
centre. 

biside and outside guard-rails should be used for all treetlce, and 
at each end of every trestle some satisf actoiy Idnd of re-raOinK device 
should be employed. The outer guard-rail should be made of a 6" 
timber laid flat and dapped one inch on the ties. Tlie inner faces of the 
outer guard-rails should be spaced not less than twdve inches from the 
gauge-planes of rails. The inner guard-rail should be 5'^ x Bt' laid flat, 
and dapped one inch on the ties. The outer facea of the inner guard- 
timbers should be placed five or six inches inside the gauge-planes of 
rails. Both inner and outer guard-rails should be bolted to alternate ties 
by threc-quartcr-inch bolts, which must pass through the stringers also. 
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Die heads of these bolts should be countmuiik into the tops of the guaid* 
rails bfv iwommi of ouMihsDsd washers. 

FRikMED Trestles 

For instles of greater height than thiity feet» and for less heights 
under certain oondilions, it wiU be neoessary to use framed bents. The 
foundations for these ma}' be provided by diiTing piles and eutting them 
off above the ground, by using timber siUsy or by building small masonry 

piers. 

In any such trestle it will be necessary to brace the structure thor- 
oughly, both tnuisvenHely and longitudinally. All framing of bents should 
be done in such a manner as to tie all partes firmly together. 

For very high trestles it will be economical to increase the lengths 
of alternate panels to twenty-five or even thirty feet, and truss the stringers. 

The longitudinal bracing should consist of diagonals of timber of 
suitable dimensions, in alternate panels, with horizontal struts made 
continuous throughout all panels. In addition to the transverse and 
longitudinal bracing prev-iously described, ail trestles on sharp curves 
should be provided with a lateral system composed of timber diagonals 
spiked to caps and to bottoms of stringers. 

la designing wooden bridges it would be well thoroughly to consider 
the question of renewals, and where possible to provide facilities for 
making them. To accomplish this, suffident strength ahould be pro- 
vided 80 that any one piece of timber can be taken out and replaced 
without endangering the structure. In this wi^, if necesBary, the bridge 
can be made serviceable for many years. Some railroad companies put 
a solid timber floor on their trestles and cover it with ballast to support 
the traek. This affords a fair protection agamst fire, decreases the noise, 
and provides a better track than does the common iyjpe of wooden floor. 
On the other hand, it is rather expensive to build and to maintain, and is 
somewhat difficult to inspect. The stringers are placed dose together, thus 
fofming a solid floor; or else they are covered with 3" creosoted planks. 

To prolong the life of a wooden structure creosoted piles and creosoted 
tiniV)ers may be used. Wlien it is necessary to saw off the ends of the 
j)iles or any uf tiie timbers, the cut surfaces should be painted thoroughly 
with creosote. Si>ecifications covering the treating of t.mber for i)reser- 
vation will be found in Cha{)ter LXXIX. However, it is becoming more 
and more inadvisable to build wooden trestles ex<'ept of the mo.st tem- 
porary character, as tlie hve loads are getting to in' so great that the ma- 
terials in such structures are liable to crush under exc«'ssive <'oncentra- 
tions. Wo(Mlen trestle construction may be employed to advantage on 
new work to take the place of a high fill until the railway is completed 
when work trains can be run over it so as to dump (\arth into and around 
the structure and thus build the new embankment at moderate expense. 
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The kinds of timber host adapted for wooden bridges are iong-kuif 
yellow pine, Douglas fir, cedar, and Western liemlock. Those for piling 
are the ones just meatioDed wad, in addition, white oak, burr oak, taouir 
raek, and cypvess. 

The general specifications for designing given in Chapter LXXVIII 
will apply to wooden bridges; but will need to be supplemented by the 
following intensities of working stresses for timber, when impact is included: 

For the higher grade woods, such as long-leaf yellow pine, DoQgMis 
fir. Pacific Coast cedar, Westerin hemlock, and white oak: 

Ti'ii>sii)n 2,000 lbs. per .square inch 

Bending on extreme fibre 2,000 lbs. per square inch 

Bboar with the gram 280 Ibe. per equare indi 

LoDgitudiiiBi eheer in beams 180 Iba. per square inch 

Shear across the grain 1,600 lbs. per square inch 

Compression with the f^ruin 2,00Q lbs. per square inch 

Compression nrro.ss the grain: 

For white oak 750 }»• r -quarc inrh 

For the other timbers 400 lbs. pi'r square inch 

Compresaon cm columns; . 

Under 15 diameters 1,500 lbs. per square inch 

/ 

Over 15 diameters 2,000 — 35 lbs. per sq. in., 

where 1 » length in inches, and d » least dimension of section In inches. 

For the kmi^^prade woods, such as the soft pmes, spruce, ».aiwftrai»lr 

and redwood: 

Tension 1,600 lbs. per square inch 

Bending on extreme fibre 1,500 lbs. per square inch 

with the grain 100 lbs. per square inch 

ptudlnal diear in beams 120 lbs. per square indi 

Shear across the (^ain 1 ,200 lbs. per square inch 

Compression with the fjti'm 1,500 lbs. per sqnaro inrh 

Con^prosinn iveross the grain 250 lbs* per square inch 

Compit'.N-^iou on columns: 

Under 15 diameters 1,100 lbs. per squan' inch 

Over 15 diameters 1,500 ~ 25 -jj Iba. per sq. in., 

wiiere I and d have the same values as before. 

In grouping Douglas fir vdih long-leaf yellow pine and the other 
higher grades of woods, the author recognizes that lie is laying himself 
open to possible criticism, for some of the authoriiii^ rank it inu< h lower 
than the long-leaf yellow pine, while others, sudi as the American Railway 
Engineering Association, specify but little (lifTtTence between the two 
woods. From an extensive experience in Britisli ( \)laml)ia. ^\'a.>liington, 
and Oregon, with both Douglas fir and Pacific ( 'ou>st cedar, the author 
is inclined to consider these timbers about as good and reliable as any 
tliat can be obtained for the building of wooden bridges and trestles. 
Their quality is very uniform and they can be purcbaaed of large sue 
and great length. 
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AUowahIr stresses for nails, screws, dowels, and drift pins arc given 
on pages 6<K) and 661 of Memman's " Americaa Civil Rngineere' Pocket- 
Book" (Second Edition). 

For the detailing of wooden bridges and trestles the reader is referred 
to Jacoby's excellent book entitled "Structural Details or Elements 
of Design in Heavy Framing/' and to Foster's well known standard 
"Tkeatise on Wooden Ttestle Bridges." 

In Figs. 53c and 53d are given the costs of wooden trestles per lineal 
foot of structure for various prices of timber per M. ft. B. M. in place. 
These figures are sufficient for Class 50 live load, but for heavier loads 
they must be increased ten or fifteen per cent so as to allow for a doeer 
spacing of the bents and for a possible adoption of heavier posts or piles, 
or both. For CliUsses 55 and 60 it would suffice to add ten per cent and 
for Chi^sses 65 and 70 tiftren per cent. If piles of gicMttr j x'netration 
tliaii those iinlicated nii the diaf^ranis are needed, the value of the extra 
lengths thereof will have* to )k' figured per Vnwiil foot of trestle aii<l a<lded 
tu the costs given on the curves. Tlifsc costs were conii)utt'(l for struc- 
tures on tangent or on curves of less tiiaii Ic^ur deijrees. For trestles on 
sharper curves it be neces.sary to add from out to two dollars per 
lineal foot in order to jirovide for additional horizontal Ina* iug. 

Since the precednig was writtiiU, the following article has appeared 
in a New York newspaper: 

"Fm LUMBER AND THE BRIDGE TRUST 

''Althoufl^ there is no idation between the two mibjects 80 far as kno^ it is never* 
tbeleaB a striking coincidence that at a time when some of the western slates are enter- 
ing protest,s against the so-calletl bridge trust, wluch h:us to do wit!i st***'! work only, 
there i.s a renewal of int<'rest in the same seetion, arid especially in < >n'gon, in wixMleri 
bri<lge construction. In Iowa, it is allegetl, the bridge ini i favons and inipoM.^ uld- 
fualiioned methods while good roudti and good bridges demand progre^-sivc idca^i. in 
Minnesota the LsgisGitiiie has takn oognisanoe of complaints against the method of 
granting contracts to the big bfidge oompanifw. It has been found that contracts for 
bridges at or about a certain price almost invariably go to one company, at a Iu^kt 
price to another, and so on, the i)resumption being that an agre^'ment exists between tho 
bridge consfrnrtion concerns that is practieaHy a prxA. Siine all tic western states 
are constructing new, or reconstructing old higiiways hi these days, the matter of bridges 
is a very important one. It is im{)orUuit not only as regards the Urst cost of the bridgui 
but also as concerns their maintenance. 

"Many engineen and builders have long insisted that wooden construction under 
proper conditions will outwear sted work. A late issue of the Timberman contains a 
tesUmonial to the Ia.st ing quaiitice of fir lumber in bridge construction from L. N. Honey 
of Eugene, Ore., who luus superinten<le<l the building of bridges in Lane county of that 
«tat4: during an extende<l jw rt'Hl. \Mial ho says of fir is, we think, of genend i»i'ert?st. 
Spi'akitm f)nrticnlnrly of i w-nHien, Smith truss bridire, with a «pan of 230 feet aer(>.ss the 
\\ iliiimeiie River at ilugene, lie says that wlien taken down two yeum ago, after it liad 
served heavy traffic for thirty-seven years, its timben were found to be absolutely free 
fnm all signs of decay. In his opinion* the bridge would have been good for as many 
more years had it been possible tO renew the bottom chord and to replace the pieiB. The 
trouble was wiUi the sobstiuotiin^ not with the bridge. Mr. Bon^ calls attention to two 
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other bridges in the samp county, of 250 feet span length, one built moro th:in forty 
years ugo, the other four years later, both of which are in splendid condition fur as the 
span timbers are a>ncemed. They also are supported by wooden piers which must be 
replaced every tea years. fVom an experieaoe which embraces the constructioa of more 
than fnrty woodeo bridges, Mr. Ronegr dmwi the eonehMion thai a KipentnietiDB of 
Olnii»fir,irbuiUoiiiwniiiiiieirtiiien^ frith the qMi»cai«M|)r|io- 

teotfid from tlie weather, HriUootlaat ateelbridiMb and oertaMjr^ 
etc., b nothing in comparison to that of an tmoovered structure.' 

" It would be well for county commissioners and state liigh way commissionors to look 
a little more closely into the n^lati vo merit and cost of steel and wooden bridges. Good 
roadway improvement is often postponed because of the great expense of bridge con- 
fltnictioiL Hie question isi whether sted bridgework is profcrabk) to wooden, or whether 
woodeo oooatniotioQ, taehig home matitiai and employing home labor, thereby aew&s 
oontaet with uoeonipuloiis tniati and eqoaQy unsonipukxM eontmotow^ ia not man 
eooDomical on wntj SEoundi" 

From the preceding quotation it would appear that, on the F^usific 
Coast at least, there is still a chance for the continued building of wooden 
truss bridges. If they Ix; properly constructed, thoroughly housed, and 
effectively maintained by truly water-proof roofing and sidings they wodd 
certainly be more economic than steel bridgee of the same capacity, were 
it not for their one great cfaaracteiistic weakneae— iiabilily to destruetion 
by fire. 
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Where there is much traffic on a river that is crosvsed by a bridge 
having a swing span, it becomes necessary to build a draw protection 
so as to prevent vessels or rafts from injuring either the draw span or 
its pivot pier. The rest piers at the ends of draw spans often require 
protection also. As draw protections are expensive and generally short- 
lived, it is well to omit them when this can be done with comparative 
safety; but when one does so, he lays himself open to extortion by un- 
scrupulous p(Tsons who will intentionally week a worthlt^ss old \iessel 
by running it into one of the piers or the swing span and sinking the 
crafty and then claim excessively heavy damages. This occurred once in 
the case of one of the author's Miasouri River bridges; but the btaok* 
iwaiKfig scheme failed to work, for one ot the interested partMS gave BUch 
a maaa of false evidonoe in his teatunongr that he lost his case. 

A oomplete draw protection costs oxdiiiarily from five thousand (5|000) 
to twenty-five thotwand (25,000) dollars, aoootding to the depth of water, 
velocity of cuneufc, character of river bed, length and width of fipan, 
variatka of elevatioii between hiflji and low water, unit values of the 
mateiiab used, character of river traffic to protect against, frequency of 
passage of vessels and rafts, and comparative permaneni^ of the con- 
struction. Except where the water traffic is very great, the tendency 
of the designer is to cheapen the construction as much as he dares; and 
this is generally advisable, yet one must draw the economic line beyond 
the place where the life of the protecticm is liable to be shortened for 
want of sufficient resisting capacity. A draw protection to be truly ef- 
fective .should be alx)ut two (2) feet wider on each side than the swing 
span itself in order to prevent the upper works cf high crafts from strik- 
ing the superstructure when tlie span is open. It is atlvisable to give the 
protection ample strength to resist all shocks without receiving any aid 
from the pivot pier, for it is generally V)a(l policy to run the rLsk of in- 
jur>' to the latter. This suggestion is often violated by designers, who, 
in order to stiffen their otherwise weak protections, let them abut against 
Ihe masonry of the pi\-ot pwr. 

The correct theory in the designing of any draw protection is to give 
it great resilience instead of great rigidity so that, when struck a heavy 
blow, it will spring and not break. Because of this fact it is best alwa3f8 
to build draw protections of timber. The usual and most satisfactory 
type is that composed of kmg piles, substantiaUy capped, sheathed with 

779 

Digitized by Google 
t ^ 



7S0 



BRIDOB BNOtNBBRING CturmXXXVl 



thick planks, and effectively braced together by timbers in both hoii- 
aontal and vertical planes. An example of this style of oonstnictian is 
shown in Fig. SOa, which illustrates the draw protection f<v a little luglb- 
way and street ralhray bridge of the author's over a portion of the Fnaet 
River between the City of New Westminster and Lulu Island, in British 
Columbia. In this case the water is not very deep, but the sandy bed 
id the river is quite liable to scour; and the water traffic, thou^ not 
frequent, is heavy and destructive, for great booms of large logs pass 
through on their way to the sawmills. The bridge being located not far 
from the salt-water, the current runs both ways, hence the necessity for 
pointing both rncls of tlie fender. In this type of construction it is gen- 
erally ncccssar\- to protect all an^lc^ in the faces by firmly attached steel 
plates — especially is this advisable where the ice-run is great and de- 
structive. 

In locations where the ffr<<h) rxinih's and other soa worms optMato, it 
becomes necessary to use piles that are imj)ervious to their attacks. Some 
very hard woods from Aiistraha and from tlie American tropics resist the 
worms effectively; but often sucii timber is not procurable, hence it is 
obligatory to use soft-wood piles and to creosote them as heavily as pos- 
sible. They will then last for many years; but in time, as the creosote 
oil is slowly washed out, the teredo begins to get in its work, and then 
the life of the timber is limited to a few years or even to a few months. 

Another type of draw protection consists of a timber crib at each 
end df the construction, filled with large stones, to suppcurt the outer ends 
of two wooden, Howe-truss spans that are built wide enouf^ to protect 
the swing span. The inner ends generally rest on the caisson of the 
pivot-pier, or are attached to the pier itself, which, as before stated. Is 
an objectionable feature of design. However, if the pier be large in 
diameter and well founded, it will be able to resist any shock thai oomes 
to it throui^ the resilient timber truss spans. For the timber eribs fiBed 
with stones may be substituted pile noses similar to the ends of the draw 
protection already described; and near the pivot pier there may be plaeed 
pile bents to support the inner ends of the Howe-truss-span protection. 

The groups of closely driven piles near the ends of the rest piers of 
the Lulu Island Bridge, shown in Fig. 31)/;. form the best land of i)rotec- 
tion for those portioiLs uf a s\ving-.->pan l)riilge, because they are entirely 
detached from the structure, have great resilience, and fend off most 
effectively all blows from passing vessels and rafts — moreover, they are 
inexpensive. As shown on the drawing, each fender ct)nsists of a group of 
piles driven in a circle around a cc^ntral pile about as clo<c as they will go 
conveniently, with their tops sj)rung together radially till they are in Con- 
tact and bound tightly in jilace by heavy chains. 

As draw protections become old, their lives may be prolonged by 
replacing decayed and brok( n timbers or piles; and it is legitimate to do 
this, because a partial failure of the construction by a blow from a paw- 
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log craft would not be likely to involvr serious injury to either the swing 
span or its pivot pier, for, in all probability, most of the force of the blow 
would be exhausted in breaking the protecttcm. However, it would not 
do to carry this economic idea to extremes. 

In all draw-protection work only good, sound, strong surterials should 




Fig. 36a. Draw Protcctiou for the Lulu Island Bridge in British Columbia. 



1>«' employed, and all roiincctiom^ slionKl he most thorounlily made. Drift- 
holts, srripw-boltp, and spikrs slioiikl Ix- ui»ed liberally, for thoir rost is a 
bagatelle compared witli tlie good they do by strengthening the con- 
struction. Hard wood planks, if pro<"urable at reasonable cost, are ad- 
visable for the Ittcing, but generally it is necessary to use soft wood piles. 
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AU piles should be unusually straight so as to permit the attaching of 
the waling pieces without shimming or undue cutting. In connecting 
the steel platee to the planking, the scnfw-heads should, prefeiaUy, be 
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Fig. 366. Feoder Pilea for the Lulu Island Bridge in British Cohimbia. 

counter-eunk into the metal in order that there may be no projecting 

ends to be broken off. 

For protect iii}^ the piers of the opemns spans of vertical lift and bas- 
cule bridges the best and most economic method \a to put a dolphin or 
group of cluster piles near each end of each supporting pier, and, in some 
ca<es, adding a sinp:lr> lino of capped and faced piles along and close to 
the face of each oi such piers. 
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BEINFORCED CONCB£TB BRI]>OE8 * 

Ai/raouGB the first patents for reinforoed oancrete were taken out 
some nxfy yean ago, as was stated mChapter I, it has been only twenty* 
five yean nnoe it was fiist appEed eortensively to bridge oomstniction. 
Its use has inoreased so laiudly of late, however, that it is today one of 
the most important material iduch thelnidge engineer has at his disposaL 

Hie design of refaif oroed concrete oomstniotion daring the earlier stages 
of its development was largely empirical, as the nature of the stresses was 
but impfrft'ctly understuod. In the late eighties more or less rational 
methods of analysis were evolved, but they were bused on rather limited 
experimental data. As the use of the material increased, a great many 
additional tests were madi' ; and by the close of the century- most features 
of design were on a fairly firm basis, although there was still a wide differ- 
ence of opinion on some important points. During tlu^ past fifteen years 
many experiments liave been carried on by various investigators in an 
attempt to settle these uncertainties; and in the main they have been 
successful. No doubt the next decade will see some important additions 
to our knowledge of the subject, hut it appears unlikely that there will 
be many radical changes in ^e methods of design now prevailing. 

In 1903 and 1904 special committees were appointed by the American 
Society of Civil Engineers, the American Railway fjigineering and Main^ 
tenance of Way Association (now the American Railway Engineering 
Association), the American Socie^ for Testing Materials, and the Asao- 
dation of American Portland Cement Manuf aotvras, to investigate cur- 
rent practice, provide definite information oonoeming the properties of 
plain and reinforced concrete, and recommend factors and formuhe which 
should be used in designing, lliese special committees united to form 
a Joint Ckmunittee on Concrete and Reinforced Concrete. In 1909 that 
committee presented a progress report to the various societies which it 
represented. This report was incomplete and unsatisfiEMstory hi some re- 
spects, due largely to a lack of time for settling certain differences of opin- 
ions among the meml>ers of the committee. In 1913 a second progress 
report wai> made alter uU doubtful points had been cleared up and every- 



*A]1 the origiiml feuturi» uf tlii^ cimpter, except otiierwiae credited, are the 
mk of Mr. Sbotttidgft Haidesty, as, in tnith, m the iriiote dupCtf (of oomse^ under 
the direct aaperrinoii of the author), eiwyting only that the data for field work wwe 
foniriied by Mr. N. Eventt Wadddl, and that the entire chapter after completioo 
mm given a thorougli, qntematie^ and detailed obedc by Mr. Hormaa H. Fooe* 
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thing had been put mto satisfactory shape. This 1913 report is to be found 
in Vol. LXXVII of the Trans. A. S. C. E. (December, 1914), Vol. XIII 
of the Proceedings of the American Society for Testing Matorials (1913), 
and Vol. II of Hool's "Reinforced Concrete Constniction"; and an ab- 
stract of the more important portions of it appeared in ?hujiuecr\ng Xews 
of February G, lUllJ. It is undoulitcdly at present the highest authority 
in America on tlie design of reinforceil concret{^ It covers a good inauy 
practical coiLsiderations concerning the uses, component materials, and 
construction of reinforced coucretCj and treats thoroughly the methods 
of design. 

The Canadian Society of Civil Engineers adopte<l at the 1015 Annual 
Meeting a "Standard General Specific4ition for Concrete and Reinforced 
Concrete/' The provisions of this s]>ecification are in close agreement 
with the 1913 Report of the Joint Committee. 

The Engineering Experiment Station of the University of Illinois 
conducts eveiy year, under the direction of Prof. A. N. Talbot, a Urge 
number of valuable experiments on reinforced concrete, the results of 
which are published from time to time in the bulletins of the university. 
These bulletins will be mailed to any one desiring them; and every bridge 
engineer should avail himself of the privilege, for the tests reported therein 
are among the most important that are being conducted at present. 

As tlie theor>* of reinforced concrete is well handle<l in a number of 
text-lwoks, little space will l)e devoted to it in this treatise. The two 
books which have Ix^en used most extensively in tlie author's office are 
"Concrete. Plain and Reinforcefl," }>y Tajlor and Thomi)son, and ''Prin- 
ciples of Reinforced Concrete* Construction," by Turneaure and Maurer. 
The former contains, in addition to tlie theor>', a great deal of valuable 
information n^garding the materials of which concrete is made, proper 
methods of testing and proportioning, etc.; while the latter gives the 
more complete treatment of the theory of the subject. There is no dis- 
agreement of any importance between the two works. Uooi's "Rein- 
forced Concrete Construction" has also been utilized to some extent of 
late. It presents a veiy clear exposition of the subject, especially In 
regard to the distribution of internal stresses in beams. Much <A its 
* theory has been taken directly from the two books previously mentioned, 
as is stated in the preface. While the three texts contain a great deal 
that is in common, the engineer who desires to have a full knowledge 
of the subject will do well to read all of them, as certain phases thereof 
are treated from different ix)ints of view by the three writers. Any one 
of them, however, if carelully -tudied, will give the reader a very good 
working knowledge of the methods of design. 

Several other texts might be mentioned, some of whicli in many respects 
are n< gooti as the three discu-^-ed above. "Concrete-Steel ( 'onstruction," 
a iraiLslation 1)V K. P. (iO(Kirich, Ks(i., C. IC, of Prof. ICniil Mursch's 
''Der Eiscnbetoubau," should be especially noted, not only on account of 
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its excellent pieeentatioii of the theory d the subject, but lUso because 
it gives a good treatment of £urqpean methods of design and construo- 
tion. It contains the "Preliminary Recommendations (Leits&toe) for the 
Design, Construction, and Testing of Reinforced Ckmcrete Structures," 
prepared in 1904 by the Verband Deutscher Architekten und Ingenieur 
Verein and the Deutscher Beton Verein; and also the Regulations of 
the Royal Prussian Ministry of Public Works for the Construction of 
Reinforced Conrreto Buildinjjs," datofl May 24, 1907. 

The page references in this chapter to Turnciure ami Mauror's ''Prin- 
ciples of Reinforced Concrete C'oiLstruction " are to the l!H)<.) t'<Ution; 
those to Hool's "Heinforeed Concrete Construction" are to the firist (^li- 
tion; and those to ''Concrete, Plain and Reinforced," by Taylor and 
Thompson, to the 1909 edition. 

Attention is called to the fact that the treatment of reinforced coaft- 
crete retaining walls is given in Chapter XLIII. 

FUNDAinSNTAL ASSUMPTIONS IN DbSIONINO 

Since the stresses in a reinforc»Ml concrete member rjepend ii|><in the 
mutual actions of tlie steel an<} concrete, it is necessary tor designing pur- 
poses to make a num))er of us..samptions regarding the said actions. The 
"Specifications for Desi^" given at the close of this chapter enumerate 
the assumptions which arc to be used, in nearly' the same form as they 
are presented in the 1913 Report of the Joint Committee. Practically 
identical assumptions are made by all of the other authorities quoted 
above (including '^Der £isi^nlx>tonl)au''); the author sees no good 
reason for not agreeing with them in every respect. It is true that some 
of them are not exactly ui accordance with the facts, but the resuHmg 
imit stresses are not much aifected thereby, any appreciable errors being 
on the side of safety; and as they make the analysb sunpler, it is better 
to adopt them, A very good discussion of the various assumptions that 
are used more or less at present is to be found m Tumeaure and Mauror's 
''Principles of Reinforced Concrete Construction.'' 

Notation 

thi? notation to bo used ui the various portions of this chapter is 
collected here for ready reference. The ''Standard Notation" of the 
1913 Report of the Joint Committee has been foUowed, with such addi- 
tions as were found necessary. The sjTnbols given under the heading 
"Rectangular Beams" will, in general, be used throughout the chapter; 
but the others will be employed only in the cuunectiou for which they 
arc defined. 

Redd liijulur HeaiiiS • 
(See Fig. 37a) 
= modulus of elasticity of steel, 
B9 " modulus of ehisticity <rf concrete, 

« 
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h ' faraodtfa of faeaoiy 

d - depth of faeami from oompreaflion face to oentte of steel, 
il« " afea of teneUe steel, 
Ai « ana of one inoHiked faar, 

■> area of one vertical bar in a vertical stirrup, 

p • steel ratio for tensile steel 

o = perimeter of one bar in tensile reinforcement, 
S 0 = sum of perimeters of bars in tensile reinforcemcnt| • 
vii = number of inclined bars in one row, 

= number of vertical bars in one vertical stirrup, 
Si = horizontal spacing of rows of inclined bars, 

=s spacing of vertical stirrups, 
k « ratio of distance of neutral axis from oompreesion face to 
depth df 

f )■ distance of resultant oompresmon from compression faoe^ 
j = ratio of lever arm of resisting couple to depth rf, 
R, = "coefficient of resistance" relative to the steel, 
Rc = "coefficient of resistance relative to the CQDCtete, 
R " "coefficient of resistance" in general, 
Mt >■ moment of lesistanoe relative to tfae steel, 
M0 « moment of resistaaee relative to tfae concrete, 
M * bending moment, or moment of resistance in general, 

V -» total sbear on seetion, 

C «■ total co m pressive stre ss in concrete, 

T « total tensile stress in sted,. 

/« « unit tensile or eo mp r c as iv e stress in steel, 

fg — maxinium unit eomptesrive stress in eonorete, 

V = maximum unit shear on cross-section, 
tl — unit bond stress, 

Ve = amovuit of shear taken by concrete, 

= amount of shear taken by web reinforcement, 
Vi = amount of shear taken by inclined bars, 

= amount of shear taken by vertical stirrups, 
Ve = portion of maximum unit shear v taken by concrete, 

= portion of maximum unit shear t; taken by web reinforce- 
ment, 

portion of maximum unit shear v taken by inclined bars, 
a portion of maximum unit shear v taken by vertical 
stirrups, 
Pi » stress in one inclined bar, 
F« " stress in one vertical bar of a vertical stirrup. 
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BadanqiJiar Bwm Beinfanedfor Ccmpresfion 

(Sec Fig. S7d) 

^ disiaaoe from compression face to centre of oompreflBive steeli 
A\ *■ area of compieBBiye steel, 

|/ steel ratio for compressive steel = 

ja^ « tensile steel ratio required when no eomp re a si ve relnforcenient 
18 used and the values of /« and /, are both the critical cmes 
(as, for esample, 600 and 16,000), 
C total stress in conqiresBive steel, 
urn unit stress In compressive steeL 

T-B€am8 

(See Fig. 37y) 

b — width of flange, 
h* = width of stem, 
I * thickniwB of flange, 

p « steel ratio for tensile steel « r^. 

Redangular Beam nf Varying Depth 
(See Fig. 37i) 

s angle between compression face and a normal to the direction 
of 2P, 

fi^ n angle between reinforcement and a normal to the direction of 
p « steel ratio for tensile steel » r3> 



Pi 



pcos^ 

C08>^' 



cos^ /3 



co^^' 

Fi » amount of shear carried by concrete and web reinf oroement. 

CdumM under Dired Strese (My 

A " total area of cro.s8 section for column without hooping, or area 

enclosed by hoops for hooped columns, 
At " total area of concrete for column without hooping, or area 

enclosed by hoops for hooped columns, 
ill • area longitudinal steel, 
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Pi = steel ratio for longitudinal steel = 

P » total direct load, or total safe direct load, 

P 

f «> average unit stress for entire section «> ^. 



Redangular Beams and Columna under Flexure and Dired Stress, wih \ 
Reinforeement in Tension Foes Only. Tension an Pari cf Section ' 

(See Fig. 37/) 

P a> normal component of resultant force acting on section. To be 
considered as positive when P is compressive, and negative ' 
when P is tensile, I 

6^ « distance from centre of steel to line of action of P. To be ' 
considered as positive when P is compressive and lies on the 
same side of tiie steel as C; negative when P is tensile and 
lies on the opposite side of the steel from C, 
M' a moment of P about the centre of the steel « Pe^. 

Hedangular Beams and Columns under Flexure and Direct Siress, wiUk 

Reinfercemeni in both Faces 

(See Pigs. 37n and 37p) 

h — total depth of section, 

d' «B distance of compressive steel from compression face, 

a » distance from steel to centre of section for symmetrical rein- 

forcemont, 

c » distance from compression face to centroid of tnmsfonned 

section ( = ^ for symmetrical reinforcement), 

A\ = area of steel near compression face, 

p » steel ratio for temnle steel - r^, 

oh 

A' 

f( ■■ steel ratio for compressive steel — 

OA 

Ai = area of transformed section, 

Ig = moment of inertia of concrete about centroid of transformed 

section, 

If, = moment of incrtin of steel about centroid of traii^-forincd s<H'tion. 
/| = moment of iuenia of transformed section about the ceutruiu 

thcnoi . 

h «= ratio of ( li-t.nicf oi neutral axis from compression face to depth ^l, 
P = normal coniiKjuent of resultant forc(^ acting on the section, 
e = eccentricity of 1\ or rlistaiice from the centre of the section to 
the line of action uf P, 
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% distance from Ihv centroid of the tranafonxied section to the 

line of action of P, 
M =« moment of P about the oentre of the section » Pe, 
Mi > moment ci P about the cenftroid of the transformed section >■ 

» unit stress in steel near compression face, 
/ « » minimum unit oomptessive stress in ooncretef 

p 

/ B average stress over entire section « 

Moments of Inertia cf Beams, Cohmn8f and Ardi BAb 
a «a coefficient in the equation I » aM*. 

The Calculaiion €f Stnsaea in Arch Ribs with Fixed Ends 

(See Fig. ^kh) 

I » length of span of arch, 

r ■* rise of arch, 
x,y ^ co-ordinates of any point with reference to the crown 
C as an origin, y being positive when measured down- 
ward, and x being positive in each half when measured 
from the crown toward the springmg, 

a » angle of indination of the axis at any point, 

fi B an|^ ol inclination of the axis at the springmg, 

L = length of rib, measured along the axis ^ = 2 J ds^, 

b » width of rib at any point, 
he " width of lib at crown, 
&« = width rib at apiinipng, 

h » thickness of rib at any point, measured normal^ to axis, 

« thickness of rib at crown, measured normally to axis, 
hg = thicknesses rib at springing, measured normally to axis, 
A » area of rib at any point, or area of concrete plus n times 
area of steel, 

Ao = area of rib at crown, or area of concrete plus n tunes 

an a of stcol, 

/ = moment of inertia of ril> at any jioint, or moment of 
inertia of concrete pluii n times moment of inertia of 
Ptorl. 

Jo » moment of inertia of rib at ^TO^^^l, or moment of inertia 
f>f eonerete plus n times moniciit of inertia of stcol, 

/, = moment of inertia of rih at springing;, or moment of 
inertia of concrete plus n times moment of inertia 
of steel, 

* E a coeffici^t of elasticity of the concrete, to be taken as 
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2,000,000 when dimension'! are in inofaeSi and as 
288,(K)() 000 when th^ are in feet, 
« ** coefficient of linear expanmm of concrete ( » O.O00006), 
t « change of temperature in degrees Fahrenheit, p o eiliv e 
when the ten^Mrature riaeB, negBtive when it ialk^ 
Pu At *" loads on the arch, acting in any diieotioiiy 

» equivalent uniform load at crown, 
« equivalent unifoim load at springing, 

Ps 

Vo 

p = wjuivalent uniform load at any point, 
Hp, Vp, Mp * thrust, shear, and moment at crown, positive when 

acting in the directions indicated in Fig. 
Hai = thrust and moment at crown from arch shortfaningi 
Ut^ Af| — thrust and moment at crown from temperature change^ 
Cg " coefficient of temperature thrust in Equation 193, 
yo ~ vertical distance from crown to plane of contrafleaone 

for arch shortening and temperature change, 
Ti nonnal thrust at any section in left half of rib, positive 

when compressive, 
Tt ■ sunilar quantity for rii^t half of rib, 
T • nonnal thrust in general, 
Tp • nonnal thrust at the springing, 
8i shear at any section in left half of rib, positive when 
producing shearing stress in the asme dheetioii as 
Vo in Fig. 

8f " similar quantity for right half of rib, 
Vl B verlit ul comiwnent uf Ti at uny ix)int in left half of 

rib positive when acting in the same direction ai> \\ 

in Fig. 

Vf = similar quantity for right half of rib, 
V, = vertical component of the thrust at th(^ sj)ringing, 
V| = sum of vertir!i] r(>mjK)!U'iits of loads nn rib betwwn 

crowTL and any section in left half of rib, positive 

when acting downward, 
V'r - simUar quantity for right half of rib, 
H'l *■ sum of horisontal components of loads on rib between 

orown and any section in left half of rib, positive 

when acting in the same direction as £r« in Fig. 21kk, 
H*r ~ similar quantity for right half of rib, 
Ml a actual bending moment at any section in^left half of 

rib, positive when causing oDmp rcBoi onV in npi 

fibres. 

If r * sunilar quantity for right half of rib| ^ 
Ji mm actual bending moment in general, ^ ^ ^ 
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Af, = actual hondiriK moment at springing, 

Cm = moment coefficient in Equation 186, 

M'l » moment at any section in the left half of lib due to 
external loads on the said half between the crown and 
the section considered (Hp, V^, and ilf* being le- 
moned), positive when causing oompression in the 
upper fibres, 

If V "* similar quantity for ri^^t half of rib, 
Np » number of equal parts into which each half of the hori- 
sontal projection of the rib is divided for writing 
equation of rib, 
JJ 88 number of any division p(nnt, that of the crown being 
taken as zero, 

N 

— ' a number of equal parts mto which each half of the h«m- 

zontal projection of rib is divided for integration pur- 

dfi = length of a division of the arch rib for integration, 
measured along the axis, 



/' rds ryds r y^ds Cxdi^ C x^ds fsec a ds fM^i ds 
J J' J T' J ~' J T ' J ~i ' J "X V 



= summations or integrations taken for one-half of rib only. 



j' M'yds ^ JM'i yds ^ J M\ yds 

J M'xds _ J M'i jcds _^ J M'\xds 

Formula and Diagrams for DsBiGMiNa Bbahb and Cqltjmns 



In the following pages there are given various formulje and diagrams 
for designing reinforced concrete members. Some of these have already 
appeared in the Report of the Joint Committee, in various text books, and 
in technical papers; while others have not been published hitherto, so far 
as the author knows. They hMve been grouped together for the con- 
venience of the busy engineer. A brief discussion, covering the deriva- 
tion of the new formulsd and diagrams and the sources from which the 
others have been taken, will first be given; and this should be read in 
eonjuncUon witii the study of the fonnuhe and diagrams themselves. 



r U'r ds rM'i yds rM\yds^ PM'i xds fM\xds 
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Tho derivation of tin* formiihr for rcctan^^ular l)eams can Ix? found ^ 
in aay of tlie text-books on reinforced concrete. Fig. 376 is the well- 
known French diagram, first published by A. W. French, Esq., M. Am 
Soc. C. E., in the TroM. Am. Soc. C. K, Vol. LVI. The method oC 
plot ti up; Fi^. :^7c needs no explanation. | 

The formula' for rectangular beams reinforoed for compression are i 
standard. Fig. 37e was adapted from a diagnun given by Samuel Klenii 
Esq., C. £., in Efiqineering Record of August 30, 1013, but is believed to 
be a decided improvement therecm. Figs. STs' and 37/ were worked up 
from the eurvee of Fig. 37e. The fonnul» assume that the use of eom* , 
pression steel adds » times its area to tiie section, rather than n 1 times j 
its area, which is the correct amount. This introduces eirors of about one j 
or two per cent On the danger side in the concrete stresses. As no material , 
simpUfication of the formute is obtained hy using n rather than n — 1, it I 
is difficult to see why the practice has been followed; but Hie author : 
has concluded to adopt the formula) universally used, as the errors are 
negligible. Exact results can l)e obtained by entering the various dia- 

14 

grams with a value of p' equal to ~ of that employed in the aetual beam. 

lo 

The formulse given for T-beams are standard. Fig. 37/i is similar in 
arrangement to Fig. 37e; and Fig. was worked up from the curves 

of Fig. 37//. 

Formuks for rectangular beams of varying depth are developed in 
articles by W. Cam, Esq., M. Am. Soc. O. E., entitled "Stresses in Wedge- 
Stiaped Reinforoed Concrete Beams," which were published in VoL 
LXXVII of the TrofM. Am Soc. C. and in the Proc Am. Soc. C. R of 
December, 1914. ^ However, Equations 85» 86, and 139 had been devel- 
oped mdependently in the author's office several years earlier £. A. 
Slettum, Esq., C. E. The quantities 7^1, l{\y and R'^ are introduced m 
order to facilitate the plotting of Fig. 37j\ which was drawn u}> s])eeially 
for thb treatise. The lower right-hand portion of thb diagram is a graph- 
ical repr(»s(Mitation of EquatioiLs 82 and 84, and is evidently the same 
as Fig. 376. Tln^ lower left-hand portion expresses the equations defin- 
ing H', and li'r n\ lenn.s of R„ 11^ and /i; and the two upper portions, 
the equation defining px in terms of />, /3, and ^' . 

The forniuhi' fur coluuiii.s under dinH-t ^t^e^.s only are standard. The 
method of drawuig Fig. oik refjuires no ex])lanation. 

The equafiniis for the design of Ix'ams under flexure and direct stress 
with reinforet UK iit in one face only have not bwn published [)reviously, 
so far as tlie author knows, and it is therefore necessary to give the deri- 
vation for them here. See Fig. 37/. 

As in the case of beams under flexure only, we may evidently write 



1 -k 
k 



[Eq.lJ 
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which is the same as Equation 100, but is in m different form. Sinc^o the 
algebraic sum d the comprefislve and tensile forces must equal P, we 
have the equation 

\fj>kd - /a>i^ =^ P; [Eq.2I 

and since the nioniciit of P about the centre of the reinforcement nmst be 
balanced by the moment of the compressive stresses on the section about 
the same point, we may write 

^fJM (1 - |) d « Pe' - M\ [Eq. 3| 

The iMKMluct Pe' is always positive, since P will always have the same 
sign as ^. (See Notation.) By substituting the value of /« from Equa- 
tion 1 into Equation 2, we have 

^fMd - nf^pbd - P; [Eq. 4] 

and on dividing this latter equation by Equation 3, we find 

This latter equation may be put into the form 

fc«~2wp(l - k) d 



[Eq. 6] 



3 

which IB the same as Equation 96; and Equation 3 may be written 

= lfck{l - I) = IfckjbcP, (Ec,. 7] 

which is Equation 99. 

In order to draw convenient working diagrams, we put 

\fckj^R^ . [Eq.81 

The lower portion of Fig. 37w is a griii)hic;tl representiition of tliis fornuila; 
and to it tliere liave been added curves for /«, drawn ])v means of Equa- 
tion 1. Tlic ui)i)er portion of Fir. 37w is a graphical representation of 
Equation 6, which, as previously staieil, is the same as Equation 

The device of taking moments al)out the centre of the steel was pro- 
posed by C. W. Yelm, Esq., C.K., who also derived Equations 6 and 7. 
Fig. 37fii was worked up directly for this treatise. 
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The equations for beams and oohunns under flexure and direct 
whh reinforcement In both faces are similar to those given in Tumeanre 
and Maurer's "Frindples of Bdnforoed Concrete Construction/' to ipfaicii 

book the reader is referred for their derivation. In Equations 113 and 
1 14 of Case II there have also been given the values of fc and J'c in terms 
of the direct load, as the use of the expression involving the momeat 

does not give accurate results for small ybIucs of -r- unless the cakula- 

A 

tions are carried out to several significant figures. In these espm- 

P 1 

sions, the quantity ^ * | ^2np ^ stress due to direct load, and 

P e 1 

n'O-r-' -is that due to the moment. The derivation'Of these 

bh h ^ ^ a* 

1 + 2np^ . 

two quantities needs no explanation. The full lines of Fig. 37o were 

drawn by means of Equations 113 and 114 for three values of and 
the dotted lines on this same figure were derived from the curves of Fig. 

d7q. The latter diagram applies for the same three values of ^ as does 

Fig. 37o. The full linos of Fig. 37^ give the same information sls is given 
by Plate XIV' of Tumeaure and Maurer's Ixxik, and the dotted linos the 
same as by Plate XIU of that text; but the diagramH are drawn for 
h e 

values of — rather than thus keeping the lines for values of p from 
S n 

c 

running too close together for small values of j-, and at the same time 

DEialdng it possible to include on the drawing ail values of -j- ranging from 

0.1 to infinity (since is made to vary fmn 10 to 0). It will be noted 
that the diagrams of FigB. 37o and 37^ ovcfflap, there being a considerable 

range of values of — from about /i to % — for which either figure ia 

appIicabU* for all plotted values of Tho oommont made previously, 
when referring to double reinforced beams, cuneerniug the use of n times 
the area of the compressive steel rather than n — 1 times the area 
thereof, applies to the formula and diagrams for beams and nnlimwM 
under flexure and direct stress with reinforcement in both faces; and the 
error ran be allowed for in the same manner. 

The formulse for the calculation of unit shearing and bond stresses 
are standard. A very complete study of bond s tiM s e s was made by 
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Duff A. Abrams, Esq., C.E., fit tho Tnivorf^ity of lUinoiSyaod the report' 
published in Bulletin No. 71 of that institution. 

The formulsB given for the design of ^^eb reinforoement are standard. 
They ahoukl be recognised as beiiig more or less tentatiTe, as our knowl" 
edge d the aetioii of such reinf oroeoieiit is still inoomplete. The formuln 
assume that all web ranforoement is fully developed at the teliaion rein- 
foroement and also within the compression area, so that the full tensile 
strength thereof is available from the tensioii reinforcement to the neutral 
axis. Fig. 37r was plotted means of Equations 130 and 136. 



Rectangular Beams 
Poaitloiii of neutral axis, 

k - V Zpn + (pii)« - pn - Y^^, 

I roughly. 




Arm of resisting couple, 

i aiqnmdmatelsr. ' 

Coefficients of resistanoei 

Moments of resistance, 

— /, i4, 1 approximately, 
«■ }/« 6 d* roughly. 

Fibre stresses, 

M M kf. 



, lEq. 9] 
[Eq. 10] 



lEq. llj 
lEq. 12| 

[Eq. 13] 
[Eq. i4j 

[Eq. 16] 
[Eq. 16] 
[Eki. 17J 
(Eq. 18] 

(Eq.l9] 
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- apixonmately. [Bq Xi 

id A, 

« --^ roughly. lEq. 22] 

0(r 



Steel ratio, 



^ ' 2^ " ok (A . i\ " 2»(1 - A;) 6d ^ 



»^^rouiWy. lEq.241 

Cro6£Hiectiou uf beaiu for given bending moment 



2M M 

6M 



Steel area, 



[Eq.26] 



approodmately. . [Eq. 29] i 



id!, 

Equations 12, 16, 20, and 29 give results that are sufficiently aoeurite 
in nearly all cases. For small values of the value of j approaches unity, 
as can be seen from Fig. 376. Equations 10, 18, 22, 24, and 27 are to be 
used in making rou^ calculations only. 

Figs. 376 and 37c are drawn for n » 15. The curves in the knver 
portion of Fig. 376 give simultaneous values of /„ /«, p, 1^, and (both 
of the latter being called R)\ and those in the upp^ portion record cone- 
aponding values of k and j. The curves of Fig. 37e are drawn on the 
assumption that /« does not exceed 600 pounds per square inch, and that 
/, is not greater than 16,000 pounds per square inch. The upper portion 
of this figure gives simultaneous values of the depths and the steel areas 
per foul of width which are requiieil fui any given bending moment; and 
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Percenhge of £e/nforcemenf p. 



Fia. 376. Diagram for the Dif<i|ii;n of Roctanj^ular Beams. 



Google 



0 6eC4M08i0i/i4i£ 




Fia. 37c. Diugrujii for the Design of Slabs and Small Beams. 
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the kmer portioa BhowB tho steel areas per foot ol widtii funuahed by 
round bars oC various dlamotorB and apacingB. The diagram la arnnged 
80 that it la possible to trace from one poiiion to the other. The upper 
portkm will serve for slabs and small beams only; but the lower portion 
can frequently be used in conjunction with Fig. 376, even when the upper 
portion is not applicable. The curves of Figs. 376 and 37c are so well 
known that no rxplanatioii of their a|)j)h('ation is necessary. 

For ordinary design work, the calculator should keep in mind the 
values of H and p whicli correspond to the values of fe and which he 
( inploys (as, for instance, H ~ 95 and p = 0.68 per cent when fe = 600 
and /, = 16,000), and thus avoid the necessity of constantly keeping the 
diagnunH at hand. Also, it is a good plan to iigure the steel areas by 

pbd. One is then less likely to make large errors; and, when a beam is 
known to be under-reinforced, a considerable amount of time is saved, 
as it is then unnecessary to figure the value of 6. When/c equals 16,000, 

M ^ M 

The following table of areas and weights of plain round and square 
bars will be fomul convenient. Deformed bars wiU usually weigh about 
one per cent more than plain biu^. 



Diameter of RouinLBar 

of Sijuar 
Inches 




Area 
Square 

lodM 


Pounds jKT 1 

liDMl Foot j 


Area 
Square 
ladM 


Weight 
Pounw ner 
liBMl Vtefc 


0 (M9 




0 063 


0.21 


0 iin 


0 .'IS 


0 141 


0.48 


O.llKi 


0.()7 


0 2 ,5 


0 85 


0.31 


1.04 


0 39 


1 .-^3 


0.44 


1.50 


0 .'')() 


1 91 


0.60 


2.04 


0.76 


2.60 


0.78 


2.67 


1.00 


3.40 


0.99 


3.38 


1.26 


4.30 


1.23 


4.17 


1.56 


5.31 


1.48 


5 a5 


1.89 


6 43 


1.77 


6.01 


2.25 


7.65 



Rbctasoular Beams Rbinfobcbd For CouPBsaaioN 



Position of neutral axis, 

- i rougbly. 



»(p + pO-r^i/ IEq.301 

lEq. 31] 



Digitized by Googlc 



800 



BRIDGE £NGIN££R£NQ 



xxxvu 



z =■ 



FoBtiaii of resuiiaut compreaaoOf 

~ J approximately. 
Ann of leasttng coaple, 

m } d appraodinalebr. 

de&t of resistaiioe, 



:5 




T 



MonneaatB of resistance, 

« (0.15 + lOpO/.ftiP lougjily. 
Fibre utrcsses, 



M 



1 - A; 



" 1^ ^ approximately, 
6Af 



l£q.a3J 

[Eq.34] 
[Eq.35] 

[£q.36] 



lEq. 371 
[Bq.38I 

[Bki.39] 

[Eq. 40] 

lBq.411 

tBq.42J 
> [£q. 43] 



ife-- 



Digitized by Google 



REINFORCED CONCRETE BRIDGES 



SOI 



Ratio of tensile steel, 



M 



approximately. 



Area of tensile steel, 



M 
f,Jd 

M 



= phd, 
approximately. 



[£q.451 

[Eq. 461 

[ESq.47] 
[Eq.481 



Ilatio of cumpressive steel, 



p' — 2 (p — p«) approximately for ^ = 0.05, 
» 2.4 (p — p«) appKHdmately for — » 0.10, 
» 8.2 (p ^ p^ approximately for j » 0.15. 



[£q. 49] 



figs. 370, 376^, and 37/ can be lised for the desiga of double-reinforced 
beams; and Equations 38, 42, 46, 48, and 49 afi<Hrd an approximate solu- 
tion whieh is nearly enough correct for ordinary cases. 

Of the three diagrams, Fig. 376 is the most general in its application. 
It Is drawn for n » 15. The central left-hand diagram gives simultaneous 
values of k, and/^; the central right-hand tliagram «hows simultaneous 
values of pj, Ht, and the upper and lower left-hand portions indicate 

simultaneous values of ^, p, and p' for three different values of ^ ; and 

the rxppet and lower right-hand portions present simultaneous values of 

pj, Pf and p' for the same values of ^. The diagrams are arranged in 

8!ich a manner that it is convenient to trace from one to the other. Curves 
for the values of f'g could be added to tlie cfMitral left-hand diagram; but 
they would be of no value, since the value of can never be excessive. 

For a value of -r differing but slightly from one of the three plotted values, 
the curves for this plotted value can be used; but for any other it 
will be necessary to figure f<»r two values and interpolate, or else use the 

nearest one and then estimate the effect of the difference in the ^'s bj 
means of Fig. 37/. 

As the employment of Fig. 37s for the design of beams is somewhat 
tedious, an auxiliary diagram, Fig. 376', has been prepared. It applies 
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Fio. 37e. Diagram for the Detufpi of Double-reinforced Beams in General 
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only whea n » 15, — 600, and /, = 16,000; but a similar diu^nun can 
be easily prepared for any other set of values of /, and /e. In general, it 
cannot be employed to find the unit streeaeB in a beam which has ah:eady 



asx 10% isx tax 




0 asx fo% isx 2,ox 

Fia. SJe'. Special Diagram for (he Design of Doublc-reinforoed Beams wlien/« — 000 

aQd/« « 16|000. 



been designed. It gives simultaneous values of p, and p', and can be 

used directly for any value of 

Fig. 37/ was also drawn up for n » 15, /, » 600, and /« - 16,000; 
but it apices with very small error for any ordinaiy combination of /« 

and It gives directly the percc^ntage changes in the steel and concrete 

stresses caused by the addition of a given pertMUitage of compressive steel 
ix) a heuiu uith reinforcomrnt in the ten.sion face only. It is to be used 
iu counectiou with I'ig. 376. 

Equations 38, 42, 46, 48, and 49 fifford a means of designing a Uwm 
when no diagrams are at hand. It is necessary to kiiovf the value of 
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and the corrrspondiiiK value of U (as, for/e = 000 and/, = 10,000, Pc = 
0.68 per CTiit and R = <).')). 

The following problems illustrate the use of the foregomg equations 
and diu^anis: 

1. Deaiga the reinforcement of a beam having a width of 20'' and 




Fia. 87/. Pcroentage o£ Reduction in Concrete and Sted B tro — Doe to OompnaBve 

Reinfofoeiiient* 

a depth to the steel of 40^' to carry a moment of 4,000,000 in.4b8., with 
/, - 600 and /. *- 16,000. 
We first figure 12, finding 

^ 4,000,000 ^ 
20 X 40 X 40 

Entering Fig. 376 with ft « 125, and tracing horizontally to the line for 

/, = 16,000, we find = 720 and p = 0.9' ; , showing that compressive 
reiulorccment is nccciisary. This will be placed 2" below the top, so tiiat 
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d' 2 

^ = ^ = 0.05. The amount required can be found in any one of four 
ways. 

Elmploying first Fig. 37c, we enter at the right with R = 125, trace hor- 
izontally to the line for/, = 1(5,0(X), and then vertically downwaitl lu tlie 
lower portion of the figure. Since the curves for p are nearly vertical, 
it is evident that the required v.'Uue of p is a trifle less than 0.9 per cent. 
Holding a pencil at the point just found, we then enter the central left- 
hand portion of the diagram with = 600 and fg = 16,000, and trace 
downward till we strike the line p = 0.9% hi tlie l)ottom portion of the 
figure. This indicates p' = 0.46%. Tracing the pencil on the right 
vertically to this value of p', we find p — 0.87% ; and tracing vertically 
in the left-hand portion to this value of p, we get p' = 0.4% . Evidently 
it is unnecessary to shift again the pencil on. the righti so that the final 
result is p = 0.87% and p' = 0.4%, 

Next using Fig. 37^^, we enter at the left with R > 125, and trace 

horizontally to the line for ^ = 0.05. We then read the value of p as 

0.87%, and that of p' as 0.41%. 

Employing now Fig. 37/, we first compute the percentage of reduo- 

tion requiied in the concrete stresses, which is '^^~^,J^^ 1® per oent. 

Entering Fig. 37/ at the left with 16 per oent, we trace horisontally to 

the uppeae line for ^ « 0.05, and then vertically downward to. the lower 

curve for the same value of ^. This indicates that p' » 0.4% and that 

the percentage of reduction in the tensile steel stresses is 3; so that the re- 
quired value of p is 0.9 X 0.97, or 0.87%. 

Finally, employing Equations 46, 48, and 49, and knowing that p« = 
0.68%, and that the corresponding value of is 05, we have, 

4,000,000 

7.14 sq. ins., 



K X 40 X 10,000 

* 

7 14 

p « — = 0.89%, 

40 X 20 

and » 2(0.80 - 0.68) - 0.42%. 

2. What are the steel and concrete stressi^s in a l)eam which is sul> 
jected to a moment of 4,S(K).0(M) in.-lhs., the width being 20 inches, 
the depth to the tensile steel 40 inches, the percentage of tensile steel 

1.2, and tlie jK-rcentagu of compressive steel 1.0, with -r equal to 0.10? 
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We first find 

4,800,000 
20 X 40 X 40 

Using Fig. 37e, we enter first in the upper right-hand portion with 
p = 1.2% and p' = 1.0%, and trace vertically downward to the line 
for R = I50f whence we find /« » 14,200. Entering now the upper 
left-hand portion with the F^ime \'alue6 of p and p', and then tzacing 
vertically downward to /, = 14,200, we get fc = 570. 

Agfun, employing Fig. 37/, we first find, from Fig. 376, that fe equals 
790 and/, equals 14,800. Entering Fig. 37/ with p' - 1.0%, we find the 
reduction in the concrete stress to be 27 per cent, and that m the steel 
stress 4 per cent. We therefore have 

/« " 700 X 0.73 » 680, 
and ' /, » 14,800 X 0.96 = 14,200. 

T'BsAMa 

Cose /. NeuM Axis in 0ie Flange 

The formulse and diagrams for rectangular beams are to be used. 
Equation (1) or the curve for ib on the upper portion of Fig. 376 can be 



d' 




FiQ. Z7g, 

employ* d to determine the location of the neutral axis. 

C<m II. Neutral AxU in the Web: CompnstAon m the Web Neglected 
Positioii of neutral aads, 

7\2 



nA.+ ^bl2 PW + iQ' 



nil, + 6t 

• I roughly. 



lEq.50] 

lEq. olj 
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Po^itiou of resultant compression, 

3d t 

t t 

— ^ when -g < 0.25 

-4dwhen4-> 025 
Arm of resisting couple, 



d — -|* when -j < 0.25 

7 I 
« o <^ when T > 0.26 
o a 



[Eq. 521 



approximately. [£q. 53] 



[Eq. 64] 



approadmately. [Eq. 66] 



Ck)efi&»eiit of raiifitaiioey 

its of resistance, 

-/.A. (d - ■-) when-^ < 0.25 



[Eq. 56] 
i£q. 57] 



when 4" > 0.26 
o 



approximately, lEq. 58] 



approximately. 



Fibre stresses. 



M 



M 



[Eq.59] 
lEq. 60] 

[Eq.61] 



M 



M 



i 

when ^ < 0.25 



when ~ > 0.25 



approximately, [£q. 62] 



A- 



[Eq. 63] 



Digitized by Gi 



808 BRIDGE ENGINEERING Chafter XXXVII 

= t~t: approximately. [Eq. 64J 

steel area, 

" 77:# — :^ = rr:? = /> 6 d, [Eq. m 



— 7^ — when -y < 0^ 

when -r > 0.25 



/..id <l 
Width of flange, 



approximately. [£q. 66J 



JIf 



= — ^ — approxiuiately. [Eq. 68| 

Fig 37A applies for n = 15. The lower left-hand diagram gives aimui- 
taneous values of k, f^, aad/«; the upper left-hand diagram shows simul- 

taneuiui value£> of and p; the upper right-hand diagram iudicateti 

I 

simultaneous values of p, pj^ and -j; and the lower right>hand diagram 

J)! ( -cuts siluultaneous values of fg, pj, and Rg. The diagrams are ar- 
ia iiL'td in such a mamier that it is convement to trace from one to the 
other. 

As the use of Fig. 37h is more or les.s tedious, aa auxiliary diagram, 
Fig. 37/?/, has been prepared. It applies only when n = lo,/c = 600, and 
/• = 16y000; but similar curves for other values of and/« can be readily' 
drawn up. It can be employed merely for designing beams, not for com- 
putukg tile stresses in beams aheady designed. It gives directly the 

t 

values of R, p, audi for any value of ^. The horisontal portions of the 

eurves at the right correspond to values of ~ greater than k, under which 

a 

conditions the stresses are the same as for a rectangular beam* For 
beams in which the flange width must be checked, R can be used for that 
purpose, and the steel area computed by reading the value of j and usmg 

M 

the relationship }— or by reading p and emplo3ring the expressiofi p 6 dL 

J* J ^ 
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The former method is to be preferred, as there is less likelihood of larpo 
error. If it is known tliat the flange width is ample, it is merely necessary 

M 

to read the value of j and use the expression ^ 

The curves for rectangular beams can be used with -small enor unless 

{ 

-T \b considerably sinaller than h. The values of /« obtained in this manner 

a 

will be a trifle too high, and those d/e somewhat too low. 

Equations 53, 55, 58, 60, 62, 64, 66, and 68 are sufficiently accurate 
for most cases; and the use thereof is advisable, as it makes one inde- 
pendent of the diagrams. 

t 1/ 

For a beam in which ^ is small and is fiurly laige, the use of the 

formula? of Case II will give values of /« or A, which are too small, an<I 
values of b or /<. which are much too large. Such beams should be con- 
sidered to come under Case III. 

The following problems illustrate the application of Figs. 37^ and 37 h' : 
1. Design the section of a T-beam for a moment of 10,000,000 inch- 
pounds, on the assumption that d » 60", i » 12", /« » 600, and /• « 
16,000. 

We shall first employ Fig. 27h, Entering the lowet left-hand poitioii. 
of the diagram with /« « 600 and /« « 16,000, and tracing vertically 
i 12 

upvmrd ^ 'J "* ^ P * 0.54%. We then project horixon- 

tally to thi.s same value of p in the upper right-haud portion, and then 
trace vertically downward to /, = 16,000, giving R = 79. We then com- 
pute the required width of flange and the steel area as follows: 

10,000,000 



79 X tK) X 60' 
- 36'', 

and il, « 0.0054 X 35 X 60 - 11.3 sq. in. 

Using next Big. 37^', and entering with -J- = 0.2, we find /2 = 79, so 

that 6, as before, is found to be 35''. We can then read j as 0.91, whence 
we have 

. 10,000,000 

^ " o5r3< 00 x1g,oo() = ^^'^ 

or we can read p as O.o4%, wheuct; we find 

A, - 0.0054 X 35 X 60 « 11.3 aq. in. 
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Fta.37Jk'. Special Diagnuii for the Dedgn of T-BeamB when/e - eOOand /« « 16,0001 
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Finally, employiiig Equations 08 and 66, we have 

10,< 



jiiiiniiii 



5 



36", 



600 (1 - - X 0.2) X 12 X 60 
3 

• 10,000,000 . 

and At = ^ . ^^^^ = 11.6 sq. in. 

0.9 X 60 X 16,000 ^ 

2. \Vhat are the unit stresseB in a T-beam siibifH'tcfi to a moment of 
15,000,000 inch-pounds, on the assumption that d - 60'', 6 - 50'', i » 12", 
and p « 0.6%? 

t 

We tot compute the values of -j and Rj gettmg 

o 

d = « = «-='' 

15,000,000 ^ 
and R ^ 83. 

60 X ()0 X 60 

We then enter the upper right-hand portion of Fig. 37h witli -j = 0.2 

a 

and p » 0.6%, and tiace vertically downward to the value 12 » 83, 
where we find the value of /, to be about 15,200. Now entering the 

t 

upper left-hand portion with the same values of — and p, and tracing 

vertically downward to /« » 15,200, we find = 620. 
Using now Equations 62 and 64, we have 

A, = 0.006 X 60 X 50 - 18.0 sq. in. 

15,000 ,000 
^•"0.9X60X18" ' ' 

and /. = ^'^^^ 620. 

(l - |- X 0.2) 60 X 12 X 60 

Cose ///. Xeutral Axis in Uie Web; Compression in the Web Considered 
Position of neutral axis, 



kd^ ^2nci/l, -f - b')fi ^^nA ,-\- (6 - b')l j _ 7iA,+^ - b')t 

Position of resultant comprcs.siuii, 

{kd^ -^i')b-^ Ukd - t p\^t + ^ {k d - o'^]b' 
z = L — • 



<(2]kd-0^+ ^kd-i)^h' 



[Eq. 70i 
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Arm of resisting couple, 

jd^d- z/ [Eq. 711 

Coefficient of resiiitance, 

R.^f.pj' lEq.721 

Moments of resistance, 

M. = f,A, (d-z) = S^Vihd^ = R.bd', [Eq. 73] 

^^^Yk7l [^^^"^ -Obt-i-ikd- 01^'] id - z). [Eq. 741 
Fibre stresses, 

M M 
/• - 4 /J ^ = [Eq. 75] 



Steel area, 



2 A/ k d 

" [i2kd'-i)bi+{kd- ifb'] (d - zY 



The formuUe of Case III are so cumbersome that they are used but 
little. However, a T-beam can be considered to be made up of a rectangu- 
lar portion of width b' and a T-beam portion of width 6 — 6' without any 
web, and the two portions figured separately and the results combined. 
Another scheme is to assume first that 6' — 6 and apply the formulae and 
(iiafrrams for rectangular beams, and second that 6' = 0 and apply tlio 
funiiuia; for Case II; and then interpolate between these two figures to 

get the results (or the actual value of ~. These methods are illustrated 
by the following problems: 

1. Design the section of a T-beam for a moment of 10,(XK),()00 inch- 
pounds, on the assumption that d = 60", t = 6", 6 « 20", fc = 600, and 
/, = 16,000. 

We first figure the mouieut of resistanee of the rectuugulur portion, 
which is 

M = U5 X 20 X 00- = 6,840,000 inch-pounds, 

the value of R being taken from Fig. 376 or 37/1', preferably the latter. 
The moment to be cared for by the T-bcam portion is then 

M » 10,000,000 - 6,840,000 » 3,160,000 in.-lb8. 

t 6 

Entering now Fig. 37A' with ^ ^ ^'h ^ find iJ — 49; so that the 

value of 6 — 6' is 

40 X 60^ 
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The value of 6 is, tberef orob 

6 = 18" + 20" = 38". 

The TBlue of j for the rectangular portion Is 0^, and that for the T-beem 
portion ie OM; so that the value of il« is * 

6,840,000 3^60,000 

' ^ 0.88 X aO X 16,000 0.05 X ao X 16,000 

= 8.1 sq. in. + 3.5 sq. in. « H.O sq. in. 

U we had disregarded the oompresBuni in the stem, we should have had 

^ 10,000,000 , 
49XW " ' 

_ . 10,000,000 . 

and Am = ■* 10.9 so* m. 

• 0.96X60X10,000 ^ 

This result indicates that it would have been improper in this case t»t 
n^lect the comprrssion in the stem. 

The approximate formulie for T-beams can also be used for this probiem 
with smaU error. Employing them, we find 

6w 3,1(»0,000 
" ^ " — 7 5 ^ " ' 

600 (l - ^ X 0.1 j 6 X 60 

& = 18" + 20" - 38", 

3,160,000 

and 4..8.1sq.in. + ^^^^^^^^^-11.6sq.in. 

If the oompresdon in the stem were neglected, we diould have 

, 10,(MH),000 



600 (l - ^ X O.l) 6 X 60 



OO I 



10,000,000 
^' = 0.06 X 60 X 1«,000 " ^^-^ '"• 

2. Supposes that in Probiem 2 under Case II the value of 6' had been 
20". Find the unit stresses, considering the compression in the stem. 

We first find the value of which is 

0 

6' 20 
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Nefljectmg tfae eanxpnmaa in the sfeem (wfaieh asBumes that is iero)» 

we find, as before, that = 620 and /« >■ 15,200. Ckmsidering the 
stem to be 50" wide (-^ = l) and entering Fig. 376 with = 83 and 
p-0.6%,wefiDd/«-5G0aiid/«« ld,aoa Inteipolatiiig for | -0.4, 
we get the results » 580 and /« 15,400 The values of /« and/« with 
^ - 1 oonkl abo have been found by entering tfae upper porttoos of Fig. 
37A at the intersectioiis of the lines f or p » 0.6% with the light dotted 

lines, wiudh fines indicate the points at wfaidi lb equals -^r* 

a 

Rbctanoulab Beams of Vabying Depth 



Position of neutral axis, 




[£q.78] 
[£q.79] 



/I 

Fig. 37t. 

Arm of resisting couple, 

i - 1 - \k. 

Coeflicieiits of resistance, 

Re — ifckj cos*/3, 



[£q.80] 

lEq. 81] 
[Eq.82| 

[Eq. 83] 
[£q.84l 
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Moments of resistance, 
Fibre stresses, 

M M /efccoe'g 

Steel ratio, 

Cross-section of beam for given bending moment M, 

M M 

hd^^— = lEq.901 

Jt PJ cos ii 



2M M 



Jc k j COS" ^ He 



l£q. 91] 



FiR. 37j applies for n = 15. The curves in the lower right-hand por- 
tion Kive simultaneous values of /t". and R'^ (l>oth called R'), pu and 
fg', and the corresponding valu( id A and can he found by ])rojecting 
vertically upward to tlu* scales for these (juantities given at the top of 
the figure. The curves in the lower lefl-hand portion show simultaneous 
values c»f R, R\ and ^. The curves in the upper right-hand portion 
cord simultaneous values of pi, ^, and />cos/j'; and the curves in the 
upper left-hand })ortion indicate simultaneous values of p, and p oos^. 
Ordinaril\ 3' = 0, in which case p cos /3' = p, and we can read the values 
of p along the upper portion of the right-hand margin. When both ^ 
and /3' are aero, pi = p and R' = i2, and we then need the lower right- 
hand diagram only. It will be noted that this diagram is identical with 
Fig. 376, which latter figure applies only when 0 and ^ are both lera 

The following problems illustrate the use of Fig. 37j: 

1. A beam 18'' wide, having its tension face inclined at an angle of 
20° and its compression face at angle of 30*, is to be designed for a mo- 
ment of 4,000,000 inch-pounds, the allowable values of /« and /, bemg 000 
and 16,000. What depth and reinforcement are necessary? 

Entering the lower right-hand j>ortion of Fig. 37j with = 600 and 
= U>,()(K), and trann^ horizoul ally to ^ = 30°, we find A* =- 71; and 
on tracing vertically from the first point to the inclined line for = 30% 



by Google 
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Fia. 37/ Diagram for the Design of RtTtangular Reams of Varying Depth. 
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and then horiioiitaUy to pf » 2(f, we find p » 0.54%. We then compute 
the lequired depth, finding 



4,000,000 
71 X 18 



2. SupiKJvSe tliat in Problem 1 the value of fi' had been jscro instead 
of 20°. Design the section of the beam. 

In this case we find 72 = 71 and d = 56", as before; but to find the 
value of p we need merely to trace up to the inclined line for /3 = 30**, 
and then read directly the value of p as 0.51%. 

3. Suppose that in Probl^ 1 the value of had been aero. Design 
the section of the beam 

In this case we read the value of R directly at the intersection of the 
lines for /« » fiOO and /« — 16,000> getting i{ » 05; and the required 
depth is then 



000,000 _ 



95X 18 



48' 



The value of p is found by tracing vertically upward to the inclined line 

for /3 = 0, and then horixontally to 0* ^ 20®, which gives p = 0.72%. 

4. A beam for which b = 12", d = 40", and p = 0.05% is subjected 
to a moment of 1,500,000 ineh-j)ounds. What are the unit stresses on 
the a^umption that the tension face is inclined at 30°, and the com- 
pression face at 25**? 

We first figure the value of R, finding 

^ 1,5(X),(KX) ^ 
" 12 X 40 X 40 " 



We then enter in the upper left-hand portion with p = 0.65% and 
fi' 8 30^, trace horizontally to the inclined line for /3 = 25°, and thence 
downward to a point found by projecting over horizontally from the inter- 
section of the lines for R — 7B and ■■ 25° in the lower left-hand portion. 
The values of /« and /« are then read as 000 and 16,000. 

5. Suppose that in Fh>blem 4 the value of fi^ had been aero. Com* 
pute the unit stresses. 

As before, R — 78. We then enter the upper right-hand portion of 
Fig. 37; with ^ 25^ and p -= 0.65% (the horisontal lines representing 
the values of p in this case), and trace vertically downward to a point 
found by projecting over horisontally from the intersection of the lines 
fur R = 78 and /3 = 25°. We then read the values of and /, as 570 
and 13,800. 

6. Suppose that in Problem -4 the value of fi had been zero. What are 
the resulting unit stresses? 

As in the other two cases, R = 78. We then enter the upper left- 



Digitized by Google 




Fig. 37A;. Diagram for the Design of Columns Under Direct Stress Only," 



Googlg ^ 



820 



BRIDOB ENOmSBRINO 



hand porti(m of Fig. Zlj with p » 0.65% and /S" » 30^, tnuse horiaonteUf 
to the line 0, and th«i vertically downward to A «■ 78, given in this 
ease by the horisontal lines. We then read/e » 520 and/« » 15yQ00. 



Columns Under Dihbct Srasas Only 

Total safe direct load, 

P^fc (Ac + nAi) =/, A U + in - 1) 
Unit stresses, 

/ 



P 



tEq. 92] 

IEq.93I 

lEq. 
lEq.951 



Fig. 37A* is for A a 15. It gives simultaneous values oC/, f„ and pi. 
No explanation of its use should be neoeesary. 

Rbctangulah BEA\rs and Columns Under Flexure axd Dmesct 
STBESSt With Hsinforcement In Tension Face Only. 

Tension on Part of Section 



Position of neutral axisi 

]l?-2pn(l-A:) 



e 




Fio.371. 



Effective depth of beam, 



lEq.07l 
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Coeflicieiit of rasiBtaiioe, 

Aloment of resistance, 



Steel ratio, * 



2»a - A;) 2«a-A?)* 



[Eq. 102] 



Fig. 37to applies for n — 16. The curves in the lower portion of the 
diagram give amuitaneous values of (or R), /«, and A;; and the 
corresponding value of j can be found by projecting vertically upward 
to the line marked "curve for j," and then tracing koriaontally to the 
left-hand margin. The curves in the upper porUon give simultaneous 

d 

values of p, and A;. The full portions of the p curves are to be used 

when P is a compressive force and is positive, and the dotted portions 

^^len P b a tensile fom and e' is negative. The negative values ol-^ 

are given in parentheses along the left-hand margin. 

The use of Fig. 37//i is illustrated by the following problems: 
1. The section at the bottom of the face wail of a retaining-wall of 
cantiltn er tA^pe is subjected to a moment from ojirth pressure of 40,000 
foot pounds per lineal foot of wall, and a direct load of 6,000 pounds per 
lineal foot located on* inot in front of tlic steel. Design the section on 
the assumption that - 600 and/, - Kl.fKX). 

We first figure the values of M' and e', which are 

M' = 40,000 + 6,000 X 1 = 46,000 ft.-lbs., 
and e' = 46,000 6,000 = 7.7'. 

Entering Fig. 37m with = 600 and /, = 16,000, we find = 96; 80 
that the required value of d is 



46,000 X 12 _ 
95X12 • 



uiyui^ed by C 




04 as 

Fig. 37m. Diagram for the Dewijcn of Beams and Columns Under Flexure and Direct 
8tnaB» with Rdnforcement in Tettfion Face Only. 
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d 

We then compute the value of — , finding 

d 22 

? " 7 J X 12 * 

On tracing upward from the intersection of the Unes for = GOO and 

d 

/, = 10,000 uii Fig. '67m to the point wliere — = 0.24, wc hud that /> 
equals 0.54%. 

2. A pier shaft of an arch bridge m 9f (/' aquiu-o, and is reinforced 
with 0.1% of steel placed 3" from one face. It is subjected to a load of 
1 ,800,000 pounds, located 2' 6" from the centre of the shaft and on the 
side opposite to the steel. What are the values of and /, ? 

d 

We first compute the values of e', ^, and R, which are 

e' - 30" + 45" = 76-", 
d 98 

, ^ 1,800,000 X 75 .^^ 

and R = — ^x ' ^ — 

d 

Entering the upper portion of Fig. 37ffi with p « 1.24 and p 0.1%, 

and tracing vertically downward to the point where B » 168» we find 
a- 050 and f, » 5,500. In order to find the amount of reinforcement 
which will reduce /« to 600, we trace horiaontally to the point where 

/2 — 103 and /« — 600 and then trace vertically upward to ^ » 1.24, and 
read the value of p as 0.3%. 

RSCTANQULAR BSAMS AND COLUMNS VnDBR FleXUBS AND DtBSCT 

Stress, With Reinfobcsmsnt In Both Faces 

Cem L Cmpre»9hn on fhe EnHn CroBB-Section, Udng the Tranefanmi 

SecUm 

Area, moment of inertia, and ceutroid of transformed section, 

^ - -I- fi ^1/), [Eq. 103] 

I^^I^i-nl^ [Eq. 1041 

1 + Zip + np 
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Fibre stressesi 



P Mjh-c) 
ill /| * 



P . nJlf(c-dO 

''r,+ — i; — ^' 

ii ^' 



[Eq. 1061 



[Eq. 107] 



(Eq. 106] 



L£q. 1091 




If fc >s negative, the problem comes under Case III. 

Case II, Special Cme of Cane I in which the lieinj or cement U ^ytnrnetricai. 
Using Ihe Method Employed for Simple Flexure 

Y (See Fig. 37».) 

■ 

position of point where oompreseive etrosses reduoe to lero. 



lb ^ 

12(l + 2np)| 

Coefficient of resistance, 
Moment of resiBtanoe, 



[£q. 110| 



lEq. 111. 



[Eq. 112; 
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Fibre stresses, 

. I2kld Pi I 1 \ rir 1101 

'•-4-i)=£(rTki-'fr;ih;i) 

/.'"n/.(l-;^), [Eq.ll6l 

- a/« roughly, (Kq. 116] 

/.«n/. (l-j^), lEq.1171 

nSn roughly. [£q. 118] 

Fig. 37o IS drawn Ibr beams having symmetrical reuiforcement, with 

n equal to 15 and equal to 0.05| 0.1» and 0.15. It gives simultaneous 

e fc f ' / 
values of -r* ~rf / * ^ noted that the quantity y is the 

1^ J Jc p J 

ratio of the maximum concrete stress, to / or rr, the average stress on 

OA 

the entire section. The full curves only apply for Case II, the dotted 
curves bemg drawn in by means of the fonnuhe of Case III. Figure 

e 1 

37o thus handles all values of ^ up to -r, even thou|^ there be tension 

oil i);irt of tho 80ction. 

T\iv (lotted curves in Fig. 'S7q apply for Cmx' II. They are employed 
in Iho same manner as the full curv^es of that disigram, the u.se of which 
curves is explained under Case III. Owing to the large overlap of Figs. 

37o and 37g, it will be unnecessary to compute accurately before dedduig 

which diagram to employ. The figuring of the quantity -r or is a 

M J ^ 

trifle ampler than that of the expression ^- . , so that ordinarily it 

e 1 

will be best to use Fig. 37o unless -r exceeds—. 

A 4 

The following problems illustrate the use of Fig. 37o: 

1. Design the remforeement of an arch rib 3' 4'' wide and 2^ 1" deep, 

which is subjected to a direct stress of 450,000 pounds and a moment of 

110,000 foot-pounds, for/« » 600 and/. » 16,000. 
We first figure the value of e, getting 

110.000 

« ■» « 0.25 . 

460,000 
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Smoe-^ is evidently about y^Fu^dlo will be used. We therefore cam- 

putu the value ol ^, which we find to be 

« 0.25 ^ 



AaBuming the leinforoememt to be plaoed fram each faoe, and 

to be symmetrical, the value of ^ becomes 



The value of/ is 



h 25 



^ 450,000 

/ = Bs 460; 

25 X 40 ' 



and the allowable value of y is, therefore, 

/e 600 

The laiit two operations can be conveniently combined, giving 

/, 600 X 25 X 40 



/ 450,000 



1.33. 



£2nteriiig now the central diagram of Fig.37o with y « 1.33 and t» 0.121, 

we hnd the required value of p to be 0.73 % per face. Since the value of 
// 

Y is about 0.25, // equals 600 X 0.25, or 150. 
J* 

2. Suppose that in Problem 1 the stoel had been plaoed 2^' from the 

face of the concrete. Design the reinforcement. 
In this case we have 

ir-25-^-^ 

We therefore first enter the central portion of Fig. 37o, for which 

^ — 0.1, and find, as before, that p per face should be 0.73 %. Entering 

d' tt 
now the lower portion, for which «- 0.05, we get 0.65 %. For — 0.06, 

we should evidcmtly use about 0.70% P^'r face. 

3. An arch rib 4' 0" wide and '.V 0" deep, which is reinforced with 
0.9% of steel in each face placed 2^" from the surface of the con- 



uigui^cQ by Google 



i6 » 10 u U 1$ i$ t§ H Bt t$ 




Digitized by Google 



828 BRIDGE J&NGINSBRINO Gbaptbi XXXVU 

Crete, is subjected to a direct load of 900,000 pounds and a bending 
moment of 180,000 foot-pounds. Tompute the values of /« and //. 

We first compute the values of and e, gcLUng 

A 

d' 2.5 ^ ^ 
A =36=°'^' 

«d ■ . = ^'"•'^ - oiy. 

900,000 



Since -r is evidently less than ^/lo, we must use Fig. 37o. We now 



com- 



pate the value of j^, which ia 



Turning now to Fig. 37o, we first enter the lower diagram — which is lur 
r " 0.05— and find, for t " 0.067 andp « 0.90%, that^ equate 1.03; 

h h T 

and then enter the middle portion, for which = 0.10, and get for the 

f d' f 

value of Y 1.05. For « 0.07, the value of y will, thmfore, be 1.04; 

and fc will then be 

f 

The value of is about 0.55, so that // - 0.55 X 540 » 300. 

4. Sup|K)so th:it the arch rib in Problem 3 had been subjected to a 
durect load of 600,000 pounds and a bending moment of 400,000 foot- 
pounds. Compute the extreme fibre stresses. 

Figuring first the values of ^ and e, we have 

400,000 _ 

and . e = = 0.67 . 

' 600,000 

Since 4* ^ evidently a trifle less than we can employ Fig. 37o. We 

e 

then calculate the value of which is 

e 0.67 
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Turning now to Fig. 37o, and entering with y * 0.22 and p » 0.9%, 

fc d' d' 

we find the value of ^ to be 1.58 when -r — 0.05, and 1.04 when -r- ^ 0.10; 

J n n 

d' S 

80 that for -j^ « 0.07, y- equals 1.6. The value of /« is, therefore, 

600^ 
30X4S ^ 

Since the dotted curves are used, there is tendon over a part of the section; 

and the value of /, is practically zero. * 



Case ///. 



T«imon on Part of the Cross-Section — Special Case in Which 
the liein/orcetnent is Symmetrical 




FkQ. d7|i. 

Position of neutral aads, 

**-3(i-x)*'+"'»''T*-««''(x+2-f)- 

Coefficient of resistance, 

Moment of resistance, 

if. - /.6 A* (8 - 2 Jb) + ^ -J] - Ji.6 A?. 

Fibre stresses, 

/. 



M 



[£q. 119J 



[Eq.l201 



[Eq. 121] 



[Eq. 122] 



[Eq. 123] 



uigiii^cu by Googlc 



S30 BRIDGB ENQIXSBBINQ CHAFm XXXVII 

/•-»/« ^ - Ij « »/• ^ ^ . [Eq. 1241 

Fig. 37^ is drawn lor beania having syiumetrioal reinforcement, witii 
n equal to 15 and equal to 0.05, 0.1, and 0.15. It gives simultaneous 

valueectf p, — , ti And U- for cases in which there is tension on part of the 

h R 

section, and of p, — , ^, and -~ for cases in which there Is compression 
cevet the entire section. The full curves apply in the first instance^ and 

the dotted ones in the second. The dotted curves cover a range of vahiea 

h e 
of — which is also taken care of by Fig. 37o. For values of -r- ranging from 

9 n 

to from 7 to 4^, either of tiie two figures can Ix; used for any 

plotted value of p; and Fig. 37g applies dowu ^ ~ ("^ 1^^) » ^^r 

values of p exceeding 0.7%. As stated under Case 11, the calculations 

required with Fig. 37o arc a trifle simpler than those with Fig. 37^, so 

6 \ f h 

that Fig. 37a should ordinarily be employed unless -r eoooeeds -r ( or — 

Tlie following problems illustrate the use of Fig. 37g: 

1. Design the reinforcement of an arch rib 3' 4" wide and 2^ 1'' deep^ 

which is subjected to a direct stress of 300,000 pounds and a moment of 

240,000 foot-pounds, for /« » 600 and /« = 16,000. 
We first figure the value of e, getting 

240000 ^ 
• 300,000 

Since 4- is evidently over Fig. 37^ must be employed. We therefon 

h 

compute the value of which we find to be 

Assuming the reinforcement to be synmietrical and located 2]^' from 

d' 

each face, the value of y becomes 

^ 2.5 ^ , 
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Fig. 379. Diagram for the DnsiRn of Reams and Columns under Flexure and Direct 

e 1 

Stress, with Reinforcement in Both Faces — for -r > 

A 7 



I 
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We next figure the value of ^ or r^-jt which is 

g„ 240,000 X 12 ^ 
40X26^X600 

Eatering the central portion of Fig. 37$ with — » 2.6 and ^ - 0.192, 

we find the required value of p to be 1.5% per face. The value of at 

this point is about 5, so that /< equals 5 X 600, or 3,000. 

2. Suppose that in Problem 1 the steel had been placed 2" from the face 
of the concrete. Design the reinforcement. 

In this case we have 

d' ^ 

-5- = — — 0.08. 
h 25 

d' 

We therefore first enter the central portion of Fig. 37(f, for which ^ — 0.1, 

and find, as before, that p per face should be 1.5%. Entering now the 

d' d' 
tower portion, for which ^ « 0.06, we get 1.22%. For - = 0.08, we 

should evidently use 1.4% per face. The value of /« is about 5 X 60O, 
or 3,000. 

3. Anarchrib4'0" wide and 3' O^'deepi which is reinforced with 1.2% 
of rdnforcement ui each face placed 2^" from the surface of the con- 
crete, is subjected to a direct load of 7SO,000 pounds and a bendmg mo- 
ment of 360,000 foot-pounds. Compute the value of /«, and of /, ur/^. 

We first figure the values of ^ and e, which are 
, 360,000 

' ^ 766:600 = 

Since | is about H> Fig. 37o would be the best one to use; but Fig. dJq 

n 

will be employed in order to illustrate the appUcation of the dotted curves 
thereon. We next compute the value of ^, which we find to be 

h. ^ J^^ 6.25. 
e 0.48 

Entering first the lower part of Fig. 37q with p » 1.2% and - » 6.25, 

0 
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we tind, for T- * 0.06, that — equals 0.128; and on entering the central 

R ^ 
portion, for which -r — 0.10, we find that 7- equals 0.123. For t- » 0.07, 

Y will therei'ore be 0.126. The value of Jc is then found to be 

_ 360,000X 12 
48X36»X0.126 " 

Since the dotted lines were used, there is conq[>reBBioin over the entire 
aection; and the value of /'« is, i^pproidmately, 

/, « 550 X 0.15 = 80. 
BadF!g.37obeenu8ed,wowouldfir8thavefiguiedthevalueof ^, whicii Is 

s 0.48 

* - ^ = 0.16. 

We then find, entoring Fig. 37o with 4 - 0.16 and p - 1.2%, that 7 

d' * ^ ^ 

euuiils 1.25 when 7- is 0.05, and 1.30 when j- i.s 0.10; so that its value, 
^ h h 

when ^ a 0.07, becfunes 1.27. The value of /« is, therefore, 

750,000 , 
^' = 48X36^^-^-^^ 

and the value of / « is, approximately, 

A « 660 X 0.16 « 80. 

Sbbab, Bond, and Web RsiNFOBCHMmiT 

Rectangular Beains of ComtarU Depth 
Maiitniim unit shear on croes-section, 

Unit bond stress, 

Amount of shear carried by concrete, 

Ve^vjhd [Ecl. 127] 

Amount of shear talcen by web reinforcement, 

- Fi + 7, - r - - F - vjbd. [Eq. 1281 
Portion of unit shear t; taken by the web reinforcement, 

f^-ili + «^»fr-.|>^ [Eq. 12(4 
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Portioa of mut shear 0 taken by bars inelined at 4B^, 

Amount uf hhear carried by bars inclined at 45°, 

V, = bj d V, - IdiUhAiLM . IWii^. lEq. 1311 



= AiA. [Eq. 1321 



Stress in one bar inclined at 45°, 

* mt jdmi 

Unit stress in bars inclined at 45°, 

Required spacing of vertical stirrups, 

* ■ -;^6 — i^r — ^^'^ 

Unit shear carried by vertical stirrups, 



Amount of shear carried by vertical ^^tirrups, 
Stress in one bar of a vertical stirrup. 



[Eq. 136] 



Unit stress in vertical stirrups. 

The valun of j may be taken '88 with sufficmt aocunusy m ail 
calculatioDS for shear and bond stresses. 

Fig. 37r can be used for the demgn of vertical stinups oompoeed of 
yH'f and %" round bars, and for the dedgn of web reinforcement 
ooDsistuig <rf H"f W, ^"f and IH" round bare mclined at 45^ For 
the and 3^'^ bars, tiie diagrams record simultaneous values ol m 
per foot width of beam, and s; and in the case of tiie bars a seafe 
for values of Vi is also g^ven at the right, although it will rarely be needed. 
For the other bars, the dijigram gives simuhaneoiis vahies of r,, m p*T 
foot widtli, and s; and in the case of the ^4" baib a acale for the vaiuca 



0 /O fO J0 40 




Honjonto/ J^c/nt^ or 
Fra. 87r. Diaflram lor the Design of Web BainforaanMnii 
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of V, is given at the rigiit, although it will hardly ever be used. Values 
for 5^" round bars can be found by interpolating between the results 
obtained for 3^" and bars, and thost^ \y^" round bars, interpo- 
lating between the results found for I" and l^" ban. The use ol Fig. 
d7r k illustrated (m pe^gd 932 0t aeq, 

T'Beams qf CoMtanl Depth 
Equations 125 to 138 apply unchanged, except tiiat 6 » to be veplaeed 

by The quantity j d may be taken as d — ~ when 3 < 0.25, and as 

i £ a 

% d when > 0.25, with suiiicient accuracy in all cases. Fig. 37r can 

be employed. 

Bwma €f Varying Depth 

Amoimt of shear to be carried by concrete and web reinforoementy 

M 

-F-ircoe/5'(tan/3 + tan/3')-l''--j(tan/8 + tan/30. [Eq. 139] 

(/3 and 0' are to be taken as positive when they bear tlie relatioii to the 
direction of £P shown in Fig. 37 i, and negative when they are the reverae.) 

Equations 125 to 138, inclusive, apply unchangedi empt that F is to 
be replaced by Fi; and ilg. 37r oan be empbyed. 

Turn PoemoMB of CRmcAL Ssctionb fob Pubs Shbab and Diagonal 

Tension in Beams 

The determination of the positions of the critical sections fur pure 
shear is nut difficult. They are to Ik' taken at the edges of supports, or 
at the edges of the load areas of concentrated loads. The location of the 
critical section for diagonal tension in a beam, however, is somewhat 
uncertain. The rcsultii of avaihible tests will first be discussed briefly^ 
and then working rules will be given. 

A consid(T;il)le number of tests Imve been made on simply supported 
beams carrying concentrated loads at the third points. An exten«h-o 
series of such tests was reported by Flrof. A. N. Talbot in Bulletin No. 28 
of the Engineering Ejqieriincnt Station of the Univeraty of Illinois. In 
the case of the beams without web reinforcement which failed by diagonal 
tension, the failure crack was almost invariably a d^figonftl onci located 
about midway between the load point and the support. In the ease of 
sunilar beams having web reinforcement, a diagonal crack usually fonned 
at about the same location and load as in the beam without wdb reinfcroe- 
ment; and then at a load somewhat greater a similar crack frequently 
formed at the supports. Since the shear was constant from load point 
to support, these results indicate that the amount of diagonal tension de- 
veloped near the supports or the load points was less than that wlii* ii 
oocoired at intermediate points. This was doubtless due to the fact tiiat 
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at these intermediate points true beam action prevailed, while near the 
supports aud the load points there was a considerable amount of arch 
action. 

If this latter explanation is the true one, we should expect the shearing 
strength of a beam loaded in the manner just discussed to be increased 
by moving the loads nearer to the supfM^rts. On page 166 of Tumeaure 
and Maurer's "Principles of Reinforced Concrete Construction'' there is 
described a series of tests on beams simply supported and loaded with 
two equal concentrated loads symmetrically placed, the locations of these 
loads being varied from the centre of the beam to points near the sup* 
ports. These beams were of 4-foot spaa, and were 4}^ inches deep. The 
unit shearing strengths developed by the beams for various poeitioDS of 
the loads are given in the third column of the following table: 



DgtAnam rapM Load 
Pimm fo Sditqct 


Unit 
Sharing 
Stna 


AaKBMd Unit 
Diagonal 

TandoStrMi 
Um.ftm.» 


Ratio oi Aaaumed Unit 
Diuooal TsaaOaStVMa 
to Unit Sbwriai Stnv 
Um.ftmA 




In Tcmw of 
Depth ol B««a 


24 


5.3 d 


177 


177 


1.0 


IS 


4.0d 


200 


177 


0.89 


12 


2.7 d 


220 


177 


0.81 


8 


l.8d 


316 


177 


0.56 


6 


1.3 d 


512 


177 


0.35 


4 


0.9d 


850 


177 


0.21 


2 


0.5 d 


1085 


177 


0.17 



The rapid increase as tlie loads approach the supports is apparent. If 
we assume the unit diagonal tensile stress developed to be 177 pounds 
per square inch in all cases, the ratios of the unit diagonal tensile stresses 
to the imit shearing stresses will. have the values given in the fifth 
oolunm of the table. These values should be considered very rou^^ ones 
only, until th^ are checked by other tests; but it is evident that loads 
applied to the top of a beam near the supports will produce mudi smaller 
diagonal tensile stresses than those which act at a greater distance from 
the ends of the beam. Similar conclusions can be drawn from some tests 
of simply supported beams imder uniform loading, described on page 151 
ei scq. of Prof. IMorsch's ''Der Kisenl>etonbau." In each of these beams 
failure occurred by the formation of a diagonal crack at a distance from 
the supports about equal to the depth of beam, althouj^h the unit shear at 
this point was considerably less than that at the edge of th<' Mij)|)()rt. 

In Bulletin No. 07 of the Engineering Experiment Stati»jii of the 
University of Illinois will be found the n^sults of tests on a number of 
* wall footings. In such of these footings as failed in diagonal tension, 
the failure crack started at the reinforcement at a distance from the face 
of the wall about equal to the de])th of the footing, and extended diago- 
nally upward to the junction of the face of the wail and the top of the 
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footing. The critical section for diagonal tension sorms, therefore, to 
h:iv(' been locntod at a (listaiicc from the face of the wall equal to the 
depth of the footing. The nominal vertical shearing stresses at this crit- 
ical section were about twice those usually found in beam testoi and t}j(> 
values at the face o(^tbe wall were about forty per cent larger yet. Tlie 
length of the footing projection was 2.4 times the depth in most instaaoes. 
From the ratioB given in the fifth column of Fig. 37a we should expect 
the diagonal tensioii at the critical section, due to loads placed horn 
2M to IM from the edge of the support, to be about half of the 
vertical shearing stress at the same pcnnt* which vahie agrees with the 
results 9ven in the bulletku 

The same bulletin also gives the results of some tests on square oolamn 
footings. The location of the critical section ajqpears to have been about 
the same as for the wall footings, but tiie nomhial unit shearing st re$^ 
at this section was much lower. This latter effect is doubtless due to the 
fact that the section for resisting diagonal tension is less than that for 
resisting the nominal vertical shear, since the four i)Ianes along which the 
diagonal tension failure occur taper toward the pier. Also, it is possible 
that the shear was not distributed uniformly over the critical section. 
The nominal unit shear on the section at the face of the pier was found 
to be about the stune as for the wall footings. 

In all tests of beams which have come to the autiior's notice, the load- 
ing has consisted of compressive forces acting on one face thereof, rather 
than tensile forces applied to one face, as in the case of a through girder. 
It is quite certain that the resistance to diagonal tensoon would be low 
with this last-mentioned kind of loading, since it induces direct tensile 
stresses in addition to the diagonal tension. 

The various tests which have been cited show that the manner of 
loading of a beam may influence decidedly the amount of diagonal ten- 
sion developed therein and also the position of the critical section. Un- 
fortunately, th^ are not sufficiently extensive to warrant the drawing 
of definite conclusions. The author suggests the following working rules, 
based on the tests and upon a study of the stress trajectories of beams 
of various kinds. The rules undoubtedly err considerably on the side of 
safety; but in the present state of our knowledge this condition is un- 
avoidable. 

I'ur a slal) or beam carrj'ing a heavy, moving, concentratevi load, the 
edge of the load is to be placed at a distance equal to the depth d of the 
said sl:ih (»r beam from the edge of the support, and the unit diagonal 
tensile stress on the portion ot the lu'iiiu between the load and the ed^e 
of the sup[>ort is to be considered equal to the unit vertical KhoArii^ 
stress ther(ion. 

For a wall footing, the critical section is to be considered located at a 
distance from the face of the wall equal to the depth d, and the unit diag- 
onal tensile stress on this section is to be assumed equal to the unit vectical 
shearing stress thereon. 
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For a odumn footing, the critical section is to be considered located 
at a distance equal to half the depth d from the face iji the pier, and the 
unit diagonal tensile stress on this section is to be assumed equal to the 
unit vertical shearing stress thereon. 

For a beam which carries a uniform loading, the critical section for 
diagonal tension near a support on which the beam is simply supported 
is to be taken at the edge of the said support; while near a support over 
which the beam is continuous, it is to be taken at a distance fram^ the 
edge of the support equal to half the depth of the beam. In both cases 
the unit diagonal tensile stress is to be assumed equal to the unit shearing 
stress on the critical section. 

For beiuns on which the load is concentrated at several load points, 
or on which the load is distributed but not uniform^ the rules just given 
for beams carrying uniform loading are to be used* 

MOMBNTB OF InXBTU 07 BbAMB, COLUMNS, AND AbCS BiBS 

The moment of inertia of a reinforced concrete Ijcain is a rather un- 
certain quantity, due to variations in the modulus of elasticity of the 
concrete and to the effect of the crackincc thereof on the tension side of 
the l)eani. At low unit stresses in the .steel — say, 3,000 pounds per square 
inch or less — the concrete will still oxert nearly its full stren^:th in tension; 
but at ordinary working stresses a lar^e portion of its tensile resistance 
will have disappeared. The 1913 Rei)ort of the Joint Committee sug- 
gests that n l3e taken as ei|^t (Ec - 3,750,000), and that the tensile 
strength of the concrt^te be considered sero. The accuracy of this a»- 
sumption can be tested by checking the deflections of beams fi^ired on 
this assumption against the results obtained in actual tests. In Bulletins 
28 and 29 of the Engineering Experiment Station of the University of 
Illinois, and in Bulletin No. 197 of the University of Wisconsin, there 
will be found the deflection curves of a large number of rectangular beams 
and T-beams. If the deflection curves for these beams be computed on 
the assumption just given, and then plotted on the diagrams, it will 
be found to jqvc very satisfactory results when the steel stresses are about 
10,000 pounds per square inch. In view of this fact, the author considers 
it to l)e the best rule to follow. It must not 1x3 forgotten, however, that 
it is only approximate, and that in any particular case the true value 
may differ consideraljly from the one olitained in this manner. 

The moment of inertia of a rectangular reinforced concrete beam 
may be expressed by the formula, 

/ « add*. [Eq. 140) 

The value of a, ^en the tensile strength of the concrete is ignored, is 
9ven by the equation, 

a - J [A;» + 3 n p (1 - Jb)«|, [Eq. Ul] 
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the value of k being that given by Equation 9. The lower curve in fig. 37« 
gives values of a for various values of p and for n i- 8. For oomparimiy 
the upper eurve has been added to give the value of « when the full teop 
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no. 87«. MooMotB of Inertia of Rectangular Beams. 



sile resistanoe of the concrete is considered. For this latter case the 
equation for a takes the form, 

« - 1 [A^ + (1 - ifc)» + 3np (1 - [Eq. 142] 

the value of A; being given by tlic equation, 

, H-2np 



2 + 2np 



[Eq. 143] 



TTie development of the last two equations can bo found on page 120, 
ei seq.f of Turncaure and Maurer's "Principles of Keinforced Concrete 
Construction." 

For values of p less than 0.5 per cent, the lower curve inll undoubtedly 
give results somewhat too low. 

It mig^t be noted that if n be taken as fifteen (J?« • 2,000,000), and 
the moment of inertia of the concrete section only be used, the relative 

1 8 

value of a will be X t^, or 0.044. This value is seen to agree fairly 

Id 

wen Willi the lower curve for ofdinaiy peroentages of steel; and wbmt 
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there is no trroat variation in the ix^rceiitasc of rcinfurLciucnt in the va- 
rious portions o£ a girder, the use of this approximate rule is entirely 
satisfactoiy. 

The moment of inertia of a T-beam may be found with sufficient 
accuracy ui ^ ^Bane manner as for a rectangular beam* For. values of 

-^r much less than those of A;, a iuvvcr value slioulu, theoreticully, be ob- 
a 

tained; but as the width of flange to be considered is generally indeter^ 
minate, any attempt at refinement is unjustified. The width of the 
flange should usually be taken somewhat laiger than that used in design- 
ing the section. 

At the supports of continuous T-beams some allowance must be 
made for the tensile etrei^[;th of the eoncrete in the slab, which increases 

the stiffness of the beam materially. A much smaller width should be 
takt'ii than that assumed at the centre of the spun, partly because the 
slal» Will be cracked at intervals, and partly because the point of cou- 
traflexure in the Ix am is so close to the sui)port tliat the stress cannot 
spread ver>'' far transversely. The simplest manner of figminfi; tlie mo- 
ment of inertia of such a section is to eonipTite tlie area of the slab for 
the assumed widtli and divide it by 8, and then consider the area of the 
reinforcement to be increased by tliis amount. 

In case a beam which carries a slab is designed as a rectangular beam, 
T-beam action must be considered in figuring the moment of inertia. 



/ ^ S 4 




0 / F 3 4 

Fici. 37<. Moments of Inertia of Goliminfl and Aich RflM. 

T%e moment of inertia of a column depends almost entirely upon the 
value of fi| as there will rarely be any extensive cracking of a properly 
designed column. It is best to take the value of n as twelve =» 2,500,<- 
OOO), once that is its most probable value at ordinaiy working stresses. 
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A good discusdon ooncemiiig the choice of the vahie of n for columns 

is to 1)0 found on page 243, et seq., of Turaeaure and Maurer's "Principles 
of liciiiforcod Concrete Construction." 

The nujiiicnt of inertia of an arch rib should be figured for tFie entire 
section, althou^li it is Hkely to Ix) cracked at the points where tlie maxi- 
mum stressc^s occur. To allow for the effect of .such cracking, and alao 
for the fact that the ixinnis.sibk' unit stresses arc lii^licr thaa in the caae 
of a column, n should be taken as fifteen il'Jc ^ 2. ()()(), 0(10). 

Fig. 37/ gives values of a for colunuis and arch ribs with symmetrical 
reinforoemeut, lor n » 12 and n — 15, and for various values of pi and 

T". It is assumed that all of the reinforcement is in the two faces of the 

column or rib, the peroentage pt lepfesentSng the sum ai the steel areas 
hi the said two faces. 

Tea Calculation of the Dbflbctionb of Beams and Abcrbb 

The deflections of reinforced concrete beams should be figured by the 
ordinary fomiulse for homogeneous beams, the moments of inertia beii^ 
computed as explained in the preceding section of this chapter. The re- 
suiting values must not be considered as in any way exact; but they will 
indicate roughly the deflections that may be expected. 

The deflections of arch ribs should be computed by the method ghnen 
on page 170 of Part II of ''Modem Framed Structures," by JohiMon, 
Biyan, and Tumeaure (1010 edition), or on page 344 of Tumeame and 

rfs ' 

Maurer's ''Frimciples of Reinforced Concrete Construction." If -j is not 

assumed constant (see the section of this chapter entitled "The Galcufa^ 
tion of Stresses in Arch Ribs with Fixed Ends'')* it must be put under i 
the Biimmation sign. The solution can also be made graphically, as is 

explained in Chapter Xll on page 238. . 

The Calculation of Stresses in Monolithic Stbuctuees ' 

In the design off monolithic reinforced concrete structures it is neees- 
sary to take into account the continuity of the various portions. The 
method off calculation must, of course, be based on the dastic i)r()i>ertie8 
off the different members. The resulting stresses wiU be but approxi- 
mately correct, as no investigation of a continuous structure can take 
into account all of the factors involved. This is particularly true in the 
case of reinforced concrete construction, because of the fact that the 
stiffness of a reinforced concrete beam decreases in an uncertain manner 
as Uic unit stresses therein increase, due to the i>r<)^re.s.sive cracking of 
the concrete. Approximate methods uf calculation are generally to be ' 
cot^idered satisfactory. It is essential, however, that the nature of the i 
Stresses at all sections be correctly determined, even though no attempt 
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be made to get exact values thereof, and that reinforcemeDt be provided 
at all pointa where tensioii is likely to exiat; for otherwise unsightty, or 
even dangerous, cracks are likely to occur. 

Chapter XI treats of the calculation of deflections of beams; and 
Chapter XII gives metliods to be used for computing the stresses in 
continuous beams in general. The principles therein presented can be 
applied to remforced concrete structures. The Theorem of Three Mo- 
ments will be found useful when not more than two stiff members meet 
at any point, and the Theorem of Four Moments when there are more 
than two such members so meeting. Kiniations 1 to 42, iiu'hisive, of 
Chapter XI can frequently Ihj employed, ('sjxcially fur approximate in- 
vestigations; and Iv Illations 43 and 44 of tlic same chapter can be used 
to analyze the strcsst^s in a continuous structure of any kind. The 
metliods presented in Bulletin 80 ot tlx FnLnneering Experiment Station 
oi th< University of Illinois "^nll also be found valuable. 

In Turneaure and Maurer's "Principles of lieinforced Concrete Con- 
struction" th(Te is giyen a complete analysis of the moments in contin- 
uous beams of two and three equal spans, for uniform loads only; and 
somewhat similar information is to l)e found on page 435 of >ncrete, 
Plain and Reinforced," by Taylor and Thompson. A much fuller discus- 
sion of the subject of stresses in continuous members is to be found m 
Fart II of Hool's "Reinforced Concrete Construction.'' This latter book 
gives tables and diagrams for determining moments and shears in beams 
of two and three equal spans for both uniform and concentrated loads. 
It also treats of the calculation of stresses in columns continuous with 
girders* All three of the books just mentioned discuss the selection d 
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i/afue^ of k 
Flu. 37m. Valuesi oik-}^ and - 3ik» + 

approximate coefficients for use in ordinary design work. The 1913 Report 
of tlie .Joint Committee also recommends vahies for such coefficients. 

Fig. 37u will be found %'ahiable when making e.xaet calculations for 
the stresses produced by concentrated loads. It gives values k — 
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and 2k — 3A:^ + k^, k having its usual significance in continuous girder 

formuhr. 

Fig. '.Mv can be usecl for fifz;iiriiig tho moments (produced V)y uniform 
loads) at the supports of conlmuous beams in which the span lengths 
are unequal and the moment of inertia is constant throughout the length 
of each span, but not necessarily the same in the different spans. It apH 
plies directly to three-span girders, but can be extended to serve for other 
caaeB. The diagram gives values of the coefficients A, B, and C in the 
equaticHAi 

itfi- Awik* - Bw%k* + CwiV, [Eq. 144] 

m which the various symbols have the meanings indicated in the sketch 
of the beam shown thereon. The values of A, B, and C were detennined 
by the Theorem of Three Moments. 

In using this d'agram, it is necessary to enter at the* lower margin 

with the value of d (or / ' ] , and trace vertically to the curves for the 

value of Ca lor ^7, J, reading the values of the coefficients A, -B, and C 

at the right-hand margin. By analogy, coeffidents for the value of Aft 
can evidently be found by the formula, 

Mt = Cwih^ - Bwtk^ - Awik\ (Eq- 145] 

klh , hlh 
hi It klh 

When the moment of inertia b constant throughout the three spansy 

the above ratios evidently become 7 and 7. 

To illustrate the use of the diagram, suppose that we wish to find the 

values of Mi and Mi in a three-span continuous girder in which /i, aiul 
U are 20 feet, 10 ft'et, and 30 feet, respectively, and the moment of inertia 
is constant throughout the entire girder. We then proceed as follows: 

Moment Mi. 

•\ JIfi - - 0.046 u'l X 20* - 0.066 tfl!i X W + O.O2Oi0| X 

- - 18.4 m;i - 106w;» + l^w^ 

Moment Mt^ 
30 
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ft = 



20 

io = 

0.013 iTi X 202 
5.2 U7i - 83 ttJ2 



0.52 MJ2 X 40^ - 0.059 u'3 X 30S 
53 v)z. 




0 QZ Q4 ae 08 10 12 U 

Fia. 37y. Moment Coefficients for Continuous Beams. 



This diagram can be applied to a two-span girder simply supporteil 
at the ends by letting /i and h. represent the two spans, and putting y- = 00, 
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(asBuming ^3 » « or /i » 0), under which circumstances the moment 
at R2 due to loads on spans h and h is zero. For instance, if we had such 
a girder in which the spans were 20 fdct and 40 feet and the moment of 
inertia constant tiiroughout, we could apply the diagram in the following 
manner: 

Let h = 20, 

4 = 40, 

and ^ = GO. 

.*. Ci = 0.5, 
and C3 = CO. 

Ml = 0.042 w, X 202 + 0.083 X .40«, 
B 16.8 101 + 133 u^. • 

Fig. 37t' also will serve for a two-sp:m continuous girder simpK" sup- 
ported at one end and fixed at the other. In this case we proceed as in 

4 

the bust uutamoey except that 7-, and therefore c^, is taken ae lero, ipiiiidi 

aasumptkm makes the beam fixed at R^. 

If in any given case the span k should be fixed at the support i2«y the 
moments Af 1 and JIfs, due to loads uh and to^, will be the same as thoqgfi 
the span k were only three-fourths as long and were simply supported 

Mt 

at Rii and the moment at Ri will be equal to — If the same span 

be continuous over Rt with a apan of equal stiffness — j.e.y of equal length 
and moment of inertia — the equivalent span length for a span simply 
supported at Rt will be about k*, and the moment at R9 will be approod- 

mately equal to — Should the adjacent span be stiffer, the equivalent 

length ratio will vary toward as a limit, and the niunicnt ratio toward 
— J^; while if it \)v more flexible, the length ratio will vary toward unity, 
and the luoment ratio toward zero. The truth of the above statements 
regarding the ctiuivalent span h n^ths can be determined from Equations 
7, 14, and 21 of Chapter XI; for from Equations 7 and 21 we find the 

3 3 7 

ratio -:, and from Equations 14 and 21 the ratio r-r^, or The moment 

4 d.40 o 

zatioe are given by Equations 10 and 12 of the same chapter. 

By the application of the principles ffvm m the preceding paragraph, 
Fig. 37« can be used for practically any continuous gsrder; and they wXi 
be found very valuable in many other instances. 

Suppose, for example, that we wish to find the moments at the sup- 
ports of the four-span continuous girder sho\\^ in Fig. 37u% the moment 
of inertia of the girder being euiLstant throuj;huut. For loads u j imd ir^, 
we can consider the length of h to be Is X 30, or :.'(>.:; , aiul lor loiuh 
Wi and Wit we can assume the length of k u^y^ X 4U, or do. We then 
have: 
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Loads tTi and vh. 



20 - 26.3 



0.66. 



itfj « - 0.046 X 20» X tiH - 0.065 X 40* X i0|, 
- - 18.4 101 - 104.0 f0k. 



lag 





•-4 » 


^ i 


3 

i3'3(r 


U-40 



FiQ, 37w. Sketch of a Foup^imui GontmuDua Girder, 
For Mt, 

Ci a 0.66| and cb = 0.5. 

3/3 = + 0.014 X 20' X wi - 0.055 X 40- X 
» 5.6 t«i - 88.0 Wi. 

For Af4. 

JWi « — 1.4 tci + 22.0t<%. 
Loacb wi and uu. 
For ilf4. 

Ci = ^ = 1.33, and ci - ^ = 1.17. 

:.Mi = - 0.075 X 40» X W4 - 0.044 X 30* X tfk, 

« - 120.0 Wi - 39.6 wz, 

For 

Ci = 1.17, and C3 1.33. 
M, - + 0.017 X 40* X 104 - 0.047 X 30» X tfli, 
» 27.2 - 42.3 i«s. 

For Mt. 

ilf s "> - 6.8 104 + 10.6 to^. 

Collecting, wc havo 

Afs » - 18.4 ti^ - lO4.Ot0ft + 10.610^ - 6.8i04» 

jV/3 = + 5.6 ivi - 88.0 W2 - 42.3 Wi + 27.2 w^, 
and M^^ - lAwi + 22.Ot0s - 39.6t0k - I2O.OW4. 

Tho fliapram just given assumes, a.s do all other methods in enmrnon 
U86, that the moment of inertia of each span is constant throughout 
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its length. The variations from this condition which oixlinarily ooour 
can be nei^aBtod without appreciable error. The question is discuased 
in Hool's "Reinforoed Concrete Construction," Part II, page 390, in 
Tumeaure and Mauler's "Principles of Reinforced Concrete Constmo- 
tion,' page 320, and in Taylor and Thompson's "Concrete, Plain and 
RMnforced/' page 430. H in any case it should be necessary to take into 
account variations in the moments of inertia, the moment^area method of 
calculating deflections, as explained in Chapter XII, can Ix* employed to 
advantage, especially if it is necessiiry to use graphical iiu'thods of inte- 
gration. An example of the calculation of stresses in eoluiims with vari- 
able moments of inertia is to be found in a ])aper by E. E. Howard, Esq., 
M. Am. Soc. C. K., in the Proceedimis Am. Soc. C. E. for May, 1915. en- 
titled "The Twelfth Street Trafficway Viaduct." The computations were 
the work of E. A. Slettum, Esq., C. E., and were miule for the author's 
firm, which designed the structure and supervisfnl its construction. 

The values of the moment at any point of a U>ani can he easily de- 
termined as soon as the moments at the supports have been figured, as 
can also the shears at the ends. For a beam which is continuous OTor 
one support and simply supported at the other, the maximum shear at 
the continuous end is about % of the load on the span, and at the free 
end about ''ti^. If a beam is continuous over both supports, the dead 
load sheais at each end will be about half of the load on the span, while 
the maadinufn live load shear at either end will be about /{e of the said 
load. These ratios hold when the various spans are nearly alike. Hie 
dead load shear at any point within a span can be computed very easily. 
The maximum live load shear at any i^oint can be figured with sufficient 
accuracy by calculating its vahie with the span fully loaded, an<l then 
figuring the effect of removing tlie load between the point and the sup- 
port iis though the beam wen* simply .supported. 

The method of computing tin* moments of inertia of beams and eol- 
unms has alreiidy been (*x|)lain(Ml in the .section of the chapter entitled , 
"Momenta of Inertia <»t P.i ams. ( oiunms. and Arch Ribs." 

In all ca<(»s some allowance must be made tor the uncertainties in 
the assumptions on which the sf)lution is based, and for the possible set- 
tlement of the support.s. If the effective lengths are taken as the dis- 
tances from centn* to centre of sufiports or as the clear span lengths plus 
twice the depth of the I)eam or slab, they will be enough greater than 
the true effective lengths to give moments some ten per cent in excess I 
of the true values in most instances — ^diich is sufficient to provide for I 
ordinaiy conditions. 

For the design of continuous slabs, standard coefficients should be 

tp P 

used. For uniform loads, the momcutii should be taken equal to -rx- 

12 

at all supports and at the centres of all spans, where w is the load per Hneal 
foot and I the effective span length, except for two-span slabs. The above 
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value is a trifle low for the support next to the end one and for the centre 

w P 

portion of an end span; and on this account the value — is used by 

some desif^en. Since the supports are of considerable width, the former 
value is safe enough; and it is the one teoommended by the Joint Com- 
mittee. For two-span slabs the moments at the centre support and at 

w P 

the centre of each span should be taken as -rzr. For a single conccn- 

10 PI 
trated load P, the moment near the centre of an end span is about . , 

PI ^ 
and of an intermediate span about -r*. For sunilar loads P at the centres 

D 

of two adjacent spans, the moment at the intervening support will be a 
PI 

trifle less than When I is taken as the distance from centre to centre 

^ PI 
of supports, the use of the formula — for the moments at all supports 

and at the centres of all spans is justified. 

For small beams under uniform loading, except in the case of beams 
continuous for two spans only, the moments at the centres of interme- 

those near the centres of the end spans and over the adjacent sup- 
w P 

port as -rr-. For smgle concentrated loads P placed at the centres of 

" PI PI 

the spans, the correspoudiiig values should be — and For beams 

o o 

continuous over two spans only and carrying uniform loading, the moment 

w P 

at the centre of each span should be taken as -rzr, and over the middle 
support, as ; while for single concentrated loads P placed at the 

5 

centres of the spans, the formula -g- can be used for the moments at the 

cent I t s of the spans and at the rontre support. 

In the desijjn of large continnous i^irdors in which the various spans 
are of (Hjual kiiKth. the data ^ivcn in Turniaure and Maurer's "Princi- 
ples of Reinforced Conrrete ( 'onstnirtion," Taylor and Thompson's "Con- 
erete, Plain and Keiiifi n eed," and Part TI of Hool's ''Reinforced Concrete 
Construction," and f)reviously referred to, will be found to afford the 
easiest solution. When tlie span lengths are quite different and the load- 
ing is uniform, Fig. 37t> should be used. Even when a portion of the 
loading is concentrated, it will usually be sufficiently accurate to assume 
it as uniform when the number of conrontralions is three or more, and when 
the total load per foot is constant. The Theorem of Three Moments ran 
be used if an exact analysts is to be made for concentrated loads. If the 
moment of inertia of a span varies, a special solution will be required to 
give eacact results. Quite frequently the moment of inertia at the sup- 
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ports is gieatcT than at the centre. In this case fairly accurate results 
can be obtained by figuring: the moments on the assumption that the 
moment of inertia is constant, and then increasing the values at the sup- 
ports somewhat, and likewise decreasing those at the centres of the spans. 

The moment at the centre of an intmmediate span, when figured by 
GontinuouB girder formula, will frequently be found quite small. In order 
to ensure that proper sections will be used for such spans, a minimum 
moment coefficient should be adopted. This should not in any case be 
w 

less than and unless the foundations are excellent and the desip^ner 

^ ' wl- 

is to supervise the construction, a somewhat larger value, such as — — or 

^ should be used. 

In figuring stresses in continuous girders, the slifTness of the supportis 
is usuajly neglected. This leads to very small errors when the various 
spans are of equal length. The negative moment at the end of a span 
which is lonp;er tlian an adjacent span will be incrc^ed by ^e stiiTness 
of the support, antl the ix>sitive moment at its centre diminished; while 
in a span wliich is shorter than the adjacent ones a k v<Tse effect will 
occur. A fairly accurate value of the moment produced in a column 
can 1x3 found by figuring approximately the angle through which the 
axis of the girder has rotated at the top of the column, assuming the 
said , top of column to rotate through the same angle, and then iq>plying 
Equations 43 and 44 of Chapter XI. The value thus found will be on 
the safe side, since the stiffness of the column will reduce somewhat the 
angle through which the top thereof rotates. The effect of the sUffness 
of the columns on the stresses in the girders can be figured by assuming 
the moment at the top of each column to be divided between the two 
girders it carries in proportion to their ratios of / over /. As a rough 
working-rule, it may l>e assumed that the bending moments produced 
in a column l)v either tiie crof^s girders or the maiu girders will add aljout 
100 i)()unds per s<[uare inch to the unit stresses produced by the direct 
loads only on the concret^^ at the section just below the girders. 

If the top of a column is moved horizontally by the contraction 
or expansion of girders resting thereon, the resulting stresses in the col- 
umn can be figured directly by means of Equations 39 to 42, inclasivo, 
of C'hapter XI; but Equations 43 and 44 of that chapter will also apply. 
If the column is battered, it will hv sufhcif iitly accurate to use the width 
at a point one-quarter of tlu distance below the top in figuring the unit 
stress at the top, and the width at a point one-quarter of the distance 
above the bottom in figuring the unit stress at the bottom. 

The moments produced in the columns of a bent by loads on the 
cross girder can be computed by means of Fig. Z7v; for in order that 
this diagram be applicable it b not necessary that the various spans of 
the girder lie in om straight line. It is essential, however, that there 
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be no movement ol the tope of the columns in any direotion. If the 
columns are fixed at the bottom, only % of their lengths should be used 
in computing the values of ci and e^, U they are battered, the moment 
of inertia should be taken somewhat less than the average in figuring tiie 
moment at the u}){kt end — say that at a point } 3 or of the distance 
below the top; and if the columns are fixed jit tlie base, the moment at 
the bottom will be somewhat jjroater tlian half of that at the top. 

The cffpct of eccentrie luiuLs on colunuLs can be figured by means of 
Equation 30 of Chapter Xl. 

The stresses produccil in column*? and girders by wind and traction 
loads can l)e figured by means of Ecjuations 43 and 44 of Cha])ter XI. 
The application of thr^sc equations is well illustrated in Bulletin 80 of 
the EugineeriDg JBIxpcriment Station of the University of Illinois. 

Thb Calculation or Stbbssbs in Rmctangitlab Slabs Rxinfobckd 

IN Two DiBBCnONS 

When a rectangular slab reinforced in two directions is loaded with 
a uniform load over its entire area, or with a concentrated load at its cen* 
tral point, the loading will divide between the two systems of reinforce- 
ment approximatdy in proportion to the relative stiffness of the slab 
in the two directions. The stiffness of a beam subjected to a uniform 
load is inversely proportional to the fourth power of its lengtii, and tiiat 
of one oanying a single concentrated load at the centre to the cube of 
its length. If a slab, the dimensions of which are k and it, carries a uni* 
form load <^ w per unit area, the portion tc^ thereof carried by the rein- 
forcement parallel to the length h is approximately that given by the 
formula, 

Similarly, if the same slab carry a load P at its central point, the portion 
Pt carried by the reinforcement parallel to k can be found by the formula, 

= ^ S^TV' ^^^^ 

Equations 146 and 147 assume that the slab has the same degree of 
fixity over the supports in the two directions, since the stiffness of a beam 
is, to a large extent, dependent upon the condition of the ends. A beam 
fixed at both ends is about four or five times as stiff as one free at both 

ends, and a beam continuous over both supports is about twice as stiff 
as one free at botli ends. This facitor should be taken into account whei; 
there is a great difference in thr* ainuimt of fixity in the two directions; 
but with most slabs it should be ignored, especially as Equations 146 and 



uiyiii^eci by 



852 



B ENOINBXBINO GBArm XXXVII 



147 arc at best but approodmate, and, coDseqiieDtty, refinwnwit k not 

justified. 

If the length of the slab in one direction exceeds that in the oiher 
direction by mote than fifty per cent, it will be best to assume the e&tiie 
load to be carried by the rdnforoement running in the shorter direction. 

The moments per foot a( width in the two directioins should be figorad 
by means of the ooeflfidents given in the preceding secfion of this diapier, 
making due allowance for the fixity of the ends. A thorougji disouaBkai 
of the moments in the slab itself and of the distribution of the loads on 
the supporting beams is to be found on page 308 of Tumeaure and Maur- 
er's "Principles of Reinforced Concrete Construction." Uniform loads 
only arc coiLsidered, ljut the method of aiialysLs can be apphcci to uoq- 
centratetl loads a,s well. 

If a slab curries a load which is spread over a eunsidrrahle area at 
the centre, rather than concentrated at a point, it will l)e ])v<t to calcu- 
late the distribution in the two directions as though it were actually 
concentrated at a |)()int. Should the loaded area be c()nsidcrnV)ly longer 
in one direct ioji than the other fas in the case of the front wheel of a 
road-roller), it will still be sufficiently accurate to follow this same pro- 
cedure. The dimensiotis of the load should be used, however, in deter- 
mining the width over which it is to be distributed, and also in oompoting 
the moments. 

The maximum shears from a concentrated load will be nearly the 
same as for a slab reinforced in one direction <mly, for the reason that 
when such a load is placed near a support, practical^ the entire amoimt 
will be carried by one syston of rMnforoement. When a load is e pna d 
over a ooosidenible area, the above statement may not be true. 

The TharnoBunoN or CoNGiarniATia> Loads ovbb Siabs 

The question of the distribution of concentrated loads over slabs 
is an important one lo the l)ridge engineer, since the roadway floor-slab 
ill nearly every bridge is to be designed for either a riiad-roUer or a motor- 
truck; and it is very desirabh; lo know the width of a slal) ^\ llich will 
be efTective for carrying such loads. Unfortunately, there is but little 
experinicntal knowledge bearing on the subject. A few tests were report^xl 
in a paper by A. T. Goldbeck, Esq., C.E., which was published in the 
1913 Proceedings of the American Society for Testing Materia's. These 
tests indicated that the effective width was about eight-tenths (0.8) of 
the span length. In a discussion of Mr. Goldbeck's paper, W. A. Slato-. 
Esq., C.E., gave the results of some tests made at the University d 
Illinois. Mr. Slater suggested that when a concentrated load is plaeed 
at the centre of a slab sui^xnrted on two sides only, the resulting moiml 
should be considered to distribute over an effective width 5^ ffven by tba 
foimula, 

^ - I tan [Eq. 14^ 
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in which I is thr Rpan of the slab, and t&n $ depends upon the ratio of 
the width of the slab to its span length. He igave a curve for the values 
of tan 0. A fairly extensive series of tests is reported in Bulletin No. 28 
of the Hi^way Department of the State of Ohio, which was issued in 
September^ 1915. This report suggests that the effective width be taken 
as sk-tenths (0.6) of the epaxL length plus one and seven-tenths (1.7) 
feet. This rule is based upon the conclusion that the effective width, 
in percentage of the span length, decreases as the span length increases. 
Such a deduction, however, appears to be unwarranted; for while the 
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Fig. 37j;. Diagram for Determining the Distribution of Concentrated Loada over Skbs. 



tests seem at firj^t glance to be in agreement therewith, this apparent 
agreement is due to the faet that the applieil load w;is distributed over 
a considerable width, rather tliaii concentrated at a point. If the widths 
of tlie load areas be Riibtraeted from the eff(H'tive widtlis given in the 
Bulletin, and the remainders Ite divided l.)v the corresponding span iengtiis, 
the values of the resulting ratios will be found to be afTpcted but Hlightly 
by the difFerencos in the span lengths. The etYective widths determmed 
in tliU manner indicate values somewhat higher than those given by 
Mr. Slater's curve. 

Until fiulher experiments have been performed, it would appear ad- 
visable to use the formula suggested by Mr. Slater. The upper curve 
in Fig. 37x is of the same form as Mr. Slater's curve, but it has been 
drawn in a trifle higher to agree witlf the results of the Ohio tests. It 
gives values of tan 9 for use in Equation 148| for various ratios of the 
width of the slab I' to its span length L 

Equation 148 applies directly only to a single load concentrated at 
a point at the centre of a slab which is supported along two sides only 
and is not continuous over these supports. It Is tmposslble to determine 
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with much accuracy the effect of vaiiatiooB from this ideal oonditiaiL; but 
the following rou^ workiiig rules will handle practical problems in as 
satisfactory a manner as is possible at the preset time. 

If a load is distributed over a considerable area rather than oonoen- 
trated at a point, the following method can be empluyed. In Fig. 37y 

r 




Fia. 37y. 

V 




Fka 37f. 



3 



Fio. 37aa. Arrangements of Concentrated Loads on Slabs. 

supposo ABCD to reprosont a slat) simply supported along the lines AB 
and CI), and uasupportcd along AD jiikI HC. Suppose a load P to l»e 
uniformly distributed over an area of length c and width w, the centre 
of this area being at the cent re of tho slab. Then the maximum moment 
will oecur at the centre of the span, and may be considered distributed 
over a width given by the expressiun. 



6^11 = u; -|- i tau t/, but never > V. 



iEq. 149] 
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If we should enter Fig. 37x with values of — j- , rather than those of -j, 

the width would always oome out leas than V, and thk procedure would 
probably be the more logical one to follow; but the refinement would 
hardly be warranted. The moment per unit of width at the centre of 
the span is evidently 

If a slab Bimply supported along two sides carries two equal loads P 

arranged symmetrical y about t he cent re of the span, as shown in Fig. 
372, we may consider the value oi to bo 

hm w + (I — e) ixok $, but never X' lEq. 151] 

In thb case it would be logical to employ values of 7 - instead of those 

r ^~ ^ r 

for Y't ^ ^ precedmg case, the use of the ratio j- is sufficiently 

accurate. The moment per unit of width is evUkiitly 

0-c). [Eq.l52] 

If a similar slab carries two equal loads P, arranged as shown in Fig. 
37aa and located ssrmmetrically i^ut the centre of the slab, the width 
£b should first be found for one of the loads by Equation 149. If the 
resulting value of 5,. is not greater than toi, it .'s to be used; but if it is 
larger, the correct value of for the two loads can be found by the 
formula, 

h^^ w + wi i- Itane, hxiti never >V; [Kq. 153] 

and the value of the moment per unit of width is then evidently 

Ordinarily, a slab will be supported along the lines AD and DC as 

V 

well as along the lines AB and CD. In case the ratio ^ equals or exceeds 

two, the foimulse already given should bo used unchanged. When this 
ratio is less than two, the effect of the additional supports can be allowed 
for, either by increasing the value of tan $ somewhat or else by assum- 
ing a portion of the load to be carried to the said additional supports. 

I' 

The latter method is to be preferred, especially if the ratio ^ consid- 
trabiy less than two. The division of loads between two systems of rein- 
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forcemeat in rectangular slabs supported on four sides has already been 
discussed. 

If a slab Is restrained at the supports, the effective width will be 
less than for a slab which is simply supported. Approximate values of 
tan 0 for such slabs may be determined as follows: 

In the case of a slab fixed at both ends, there will be lines of oontra- 
flexure at the quarter points of the span, so that the centre portion is 
practically a simple beam of Icnpcth O.o/. If tlu* slal) should remain straij^ht 
along these lines of {•oiitrallt xurc, the propter distril)Ution ^vidth would be 
one-half of that for a simply sup|X)rted span. However, points on these 
lines directly opposite the loads will (Irflcct more than points on either 
side, which will increase somewhat the width of distribution. la the 
absence of any dofinito information, it will be satisfactory to assunio a 
value of tan 0 about 1 hnM*-finarters of that for the simply supported slab. 
The lower curve on Fig. 37a; has been drawn on this basis. For small 

V 

values of the ratio ^ it has been assumed that the distribution would 

be about the same as for a simply supported slab. 

For a slab fixed at one end and simply supported at the other, the 

valiu^ of tan 6 should be about the average of those for the slab fixed at 
both ends and for the slab free at botli ends. The curve on Fig. 37x 
was drawn on this a.ssumption. 

A similar study for a span continuous over both supports with other 
spans of equal length indii-ates that the value of tan B will be about the 
same as for the slab fixed at one end and free at the other, and the curve 
for the latter condition on Fig. 37jC will handle this case also. For a 
slab having one end fn'e and the other continuous, the values should l>e 
taken as half-way between the curve last mentioned and that for a slab 
with iKjth ends free. 

The moment at the centre or ends of a slab fixed at both ends should 
be taken as one-half of that at the centre of a simply supported slab. In 
the case of a span fixed at one end and simply supported at the other, the 
above ratio should be and this same value can be used with sufficient 
accuracy when one or both ends are continuous. 

The effective width to be employed in figuring shearing stresses is not 
known positively; but for a load in any given position it seems quite 
certain that it should be at least as great as that effective for resisting the 
moment. In computing the maxinunn shear from the loading sho\\Ti in 
Fig. 'ill/, the load sh(»uld In* j)la( t tl so thai the distance from the edge of 
the load area to tlu* edge of t)ie support is e<iual to the depth of the slal). 
If we let r, equal the distance from the centre of the support to the ed^o 
of the load area, we have for the value of the reaction on the said support 



= P 



I 



[Eq. 155J 
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Tliis value of 12 is also equal to the total shear on the section at the edge 
of the support. The effective width 6, for resLating tlus shear will then 
be that given by the equation, 

6, « t0 + 2 (I H- d + -|) tan ^. [Eq. 1501 

The value of tan d should be taken as unless the width of the shib 
is but little greater than w. The shear per unit of width is evidently 

equal to r-. 
•'f 

In determininp; the shears produced by the loading shown in Fig. 
37z, Equations loo and 156 should be applied to each of the loads sep- 
arately, and the suin of the results usefl. For the loading shown in Fig. 
37a'/, l>]uation 156 can nearly always be employed, as the value of 6, 
will Ik* U'ss t han Wx in practically every instance. 

The t«'sts rei>()rted by Messrs. Goldbock and Slater seom to indicate 
that at working loads the width of distril)uti()n is independent of the 
amount of the transverse reinforcement. This effect is due to the tensile 
strength of the concrete, which, however, is not relied upon in correct 
design. In order to provide for the distribution given by the above 
formula, the transverse reinforcement should be from one-quarter to one- 
third as strong as the longitudinal. 

The teim "load area" has been used throughout this discussion to 
signify the area over which the load is applied to the upper surface of 
the slab. Each dimension of this "load area" Is to be taken as equal 
to the corresponding dimension of the load itself, plus the thickness of 
any paving, filling, etc., ^ich may intervene between the load and the 
skib. In the case of an electric railway track with the rails resting on 
steel ties embedded in a plun concrete slab, the "load area" for each 
axle-load should be taken about two (2) feet long, and equal in width 
to the tie length; while if the ties rest in ballast, a still greater area can 
be used. 

Thb Calcuiation op Stsbbsbs in Colttmn Footingb 

• 

The stresses in spreati footings of columns are indeterminate. Quite 
a number of methods of calculation have been proposed, based on judg- 
ment or on approxiniatr theoretical investigations. The only extensive 
experim^ts upon the subject that have ever been made were performed 
at the Engineering Experiment Station of the University of Illinois; and 
a discussion thereof by Prof. A. N. Talbot is to be found in Bulletin No. 
67 issued by that school. It gives formulie for design based upon the 
tests and theoretical studies. 

The formuln are derived for square footings of the ^ype shown in 
Fig. In this figure, I is the length of each side of the fboting, which 
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projects a distance c beyond the oolunm in each direction ; and a k tlie 
length ni each side of the square column shaft. Prof. Taibot suggests 
that the moment in the footingB be figured lUong a linQ A ^ A' through 
one face of the oohmm. He aasumes.the total moment on this aeotku 



3 




FlQ. 3766. Square Coluorn Footinc. Fio. dice. Rectangular Column Fooling. 



to Ix' due to th(' load on one-quarter of the footing outside of the columni 
and finds for its value the expression, 

M -* ()^a<^ + 0.6(^10, [Eq. 157] 

wliere w is equal to the foundation pressure per unit area less the weight 
of the footing slal) per unit area. If the load on tlio trapezoid indicated 
by the dotti^d lines had been used, the co(>fficient in the above equa- 
tion would have lx?cn replace^l by J The value 0.0 was arrived at 
a theoretieal consideration of the distribution of the load on the oonier 
portiona of the footing, based on the flezme cnrves^feom actual testa. 
Prof. Talbot then assumes t^iis moment to be imiformly distributed over 
a width 6 given by the expression^ 

6 = o4-2d + J^(Z-a - 2d), loSJ 

The author does not con^der that Equation 157 gives the eorrcct 
value of the total moment on the section A — A\ and uses instead the 
formula, 

M^y2l&w, (Eq. 169} 

This latter expraskm would oertainly be the correct one if a wall footing, 
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in which the wall extended along the line A — A' for the full width of 
the footiiigf were under consideration; and there is no reason why the 
value should be aoy less in the case of the column footing. It is true that 
half of ihe load on the comer portion of the footing will be carried in the 
first place by rdnforceoient parallel to the section A * A'; but it must 
. be eventually transferred to the column shaft by the reinforcement run- 
ning in the other direction. The use of EquiMaon 160 does not mean 
that the load at the oomm Is counted twioe» as is stated on page 14 of 
tlic bulletin. 

It is necessao' to determine the effective width for resisting the mo- 
ment given by Etjuation 159. An approximate value can be computed 
from Prof. Talbot's tests in the following mamier: 

For the unreinforced wall footings, the av(?rago ratio of the mo<lulus 
of rupture of footing to ihat of control beam is 1.25. If for the unrein- 
forced column footinp;s tlic modulus of rupture be computed by assuming 
the moment given l)y KfpKition 159 to be uniformly distributed over the 
full width of the section, the ooiretqponding value is found to be 0.87. 
0 87 

Since equals 0.70, it is evident that about 70 per cent of the width 
1.25 

of the column footing was effective for resisting the moment. This value, 
is not to be considered as very accurate, because the results ol the different 
tests were somewhat yariable; but, undoubtedly, the correct value lies 
somewhere between 65 and 80 per cent. 

For the reinforced wall footings which gave tension failures, the ratios 
of the computed steel stresses at the critical loads to the yield points of 
the steel average about 1.11. Most of these footings carried loads con- 
fflderably above the critical values before final failure; but it is doubtful 
if the steel stresses were much greater than those at the critical loads. 
If for the reinforced column footings which failed in tension the moments 
be figured by ni(Miis of Equation 159, and the stresses in the steel then 
be calculated on the assumption that the entire amount thereof is effec- 
tive, the value of the above-mentioned ratio is found to be about 1.13. 
This result would indicate tliat at the lime of failure pnictieally the entire 
amount of steel was efTeetive. As poinf i <l out on pa^e 94 of the Pnilletin, 
liowever, it is probable that the bars near the centre of the footing reaeh(?d 
their yield point at loads somewhat below tlie failure loads, and that as 
they gave way the distribution of the steel stresses became more nearly 
uniform. Undoubtedly, the effective width was somew^hat less than the 
total before the failure stac^e was reached; and at working loads it would 
evidently be still smaller. Taking into consideration the results obtained 
from the unreinforced footings, it would appear that the effective width 
was probably somewhat less than seven-eighths Q4) of the totalr-say from 
eighty to eighty-five per cent. 

llie effective widths previously discussed have referred on^ to those 
for the steel. For the concrete stresses, the proper values wiU doubtless 
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be less; but 05? the shear (diagonal tension) always detennine the 
thickness of the slab, the compressive stresses are of no importance. 

For designing purposes it will be necessary to assume a fonnula for 
the e£fectiye width that ^411 give ocmaistent results for footin^i of various 
pfoportions. A study of the results of the tests fails to give much in- 
fonnation oonoeming the proper form of such an equation. It does in- 
dicate, however, that the depth of the footing is of small importanee, 
the effeetiye widths for thin footings seeming to be as great as those lor 
much thicker ones. Considering the question horn the theoretical stand- 
point, it is evident that the ratio of the dhfnenslonB of the eolimm diaft 
to those of the footmg itself will be the most important factor, hi the 
tests under consideration, tins ratio was one-fifth C/i) ; ond the effective 
width was probably eighty or eighty-five per oent of the total. When 
the ratio of the length of the side of the column shaft to that of iIr 
side of the footing exceeds J^, it is quite certain tliat practirally the 
entire width of the footing will be effective; and if the said ratio ai> 
proaches zero, the effective width \\ill reduce to, say, % of the total. In 
view of the above, the author suggests that the value of the effective 
width b be taken as that given by the formula, 



in which a and I have the meanings previously assigned to them. 

Equations 159 and 160 enable the moment per foot width to be (im- 
puted; and from this moment the depth and the steel area per foot width 
can be determined. This steel area per foot width must be maintained 
over the entire footing, not merely for the width given by Equation 160; 
for that equation was deduced on this assunqitioiL Theoceticallyt H 
would iqipear to be better to space the. steel more dosely under the column 
shaft, and more widely near the edges; but Fhif. Talbot's testa indicate 
that the unilorm spadng gives j ust as good results, and, as it is the simpler, 
it should be adopted. 

The stresses in rectangular footings may not follow exactly the sans 
laws as those in square ones; but until further experimental data are 
available, it will be best to use the formulae given for square footings. 

For unreinforced footings, the moments and the effective widtlis should 
be figured as for the reinforced footings. 

Prol. i'alhot suggests that the diagonal terLsion should be ealculat<'d 
on a section at a distance d from tlie face of iho column shaft. The con- 
siderations wliieh detennine the (•h<»i<'e of this section have already Iw^en 
treated in this chapter, under the iieadiug Shear aii<l Diagonal Tension.^' 
As is there stated, the author prefers to take the chticai sectioa at a dia- 
d 

tance - from the edge of the column shaft. For a square bixae, the total 
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diear on this sectkni u given by the formula, 

V ^w[P- (a + dy], [Eq. 161] 

and the unit diear by the exprenioni 

In the case of a rtctaugular footing of the outline shown in Fig. 37cc, 

d 

we have, for the section distant ^ from A ^ A, 

The bond sln ss should be oomputed on the section through the face 
of the column, using the same jissuniptions a,^ were made in figuring the 
teiLsile stress in the steel. For a s(juare footing, therefore, we have as 
the shear per unit width on the section, 

V = ~ [Eq. 165] 

o 

* 

in which h has the vahic ^iven by E(juation 100. 
The unit bond stress is then given by the formula, 

w here 2. represents the sum of the perimeters of the bars in a unit width. 
For the rectangular footing shown in Fig. 37cc, the corresponding for- 
mula are self-evident. 

The CAiiCULATioN of Stresses in Wall Footings 

The oaleulation of stresaeB in wall fooiingii is quite simple, after the 
positionB of the critical sections for bending moment and diagonal ten- 
sions have been determined. An extensive series of tests bearing on this 

question was reported in Bulletin No. 67 of the Engineering Experiment 

Station of the University of Illinois, to which reference has been made 
in the preceding section of this chapter; and from these tests the loca- 
tions of the critical sections can }k» readily di tt rmined. 

The bending moment should be fi^jured on the section at the face of 
the wall. If we let c be the projection of the wall and u- the difTerciice 
between the soil pressure and the weight of the footing per unit area, 
the moment per unit length is given by the formula 

M [Eq. 167] 
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As explained m this ehiqiter in the section entitled ''Shear and Diag- 
onal Tension," the critical section for diagonal tension is to be taken at a 
distance from the face of the wall equal to the d^h of the slab. The 
shear per unit width on this section is given by the formula 

7-to(c-d). [Eq. 168] 

The critical section for pure shear is evidently at the face of the wall. 

The value of the shear per unit width at this section can be found by the 
formula 

V ^wc [Eq. 109] 

The ])on(l stre.ss should also he figured on the section at the face of 
the wall, using the shear given by Equation 1()9. 

E(iuati()ns 1()7, 1()8, and 160 asFume that the soil pressure is coastant 
over the entire base. If it varies, this fact must be properly considered. 

The equations given above evidently apply to plain footings as well 
as to reinforced ones. 

The Calculation of Stresses in Abch Ribs with Fixed Ends 

It has l)een the author's practice to use the clastic theory for the 
design of fixed-ended reinforced concrete arch ribs. Convenient fonnuls, 
developed in accordance with the assumptions of this theoiy, are to be 
found in Part II of "Modem Framed Structures/' page 169 et aeq,, in 
Tumeaure and Maurer's "Principles of Rdnforced Concrete Construc- 
tion/' page 335 et aeq.j and in Taylor and Thompson's "Concrete, Plain 
and Rcdnforced/' page 551 et eeq., the.ofattpiM On anfaes in the latter bode 
being the work of Trci. F. P. McKibben. The fomuliB given by T^- 
eaure and Maurer and by Taylor and Thompson assume that the rib is 

divided into such lengths d e that the ratio ^ will remain constant. While 

this simplifies the formuIsB, it causes the lengths d 5 adjacent to the spring- 
ing to be undesirably long, unless the number of divisions of the ring 
be made excessively great. In designs made in the author's office, it has 
been customary to divide the horizontal projection of the arch rib into 
parts of equal length — there being usually twenty such dividons in the 
whole arch, or ten in each half. The formtil» given in "Modem Fhuned 
Structures'' have been used, but the summations have been taken as 
expliuned by Tumeaure and Maurer and by Taylor and Thompson, iii>- 
stead of for the full len^h of the rib in all cases. This change requires 
the placing of the coefficient 2 l)efore certain of the terms of tlie equa- 
tions given in "Motlern Fnmied Structures," ivs will be noted by com- 
paring them with Equatioas 191, I'J'), 191), an<l 212 of this chapter. 
Just before the manuscript of this chapter was sent to the printer. 
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Part III of Hool's "Keinforced Concrete Construction" was received by 
the author. It giyee a very extensive treatment of arch analysis by tbe 
elastic theoty, presenting botli t}ie ordinary method of solution and a 
graphical method devised by A. C. Jnniil, Eaq., C.E., anrl termed the 
Method of the EUipee of Elasticity. This new method is claimed to 
save a eondderable amount of time; but the author has not yet had an 
(^portunity to check the oorrectneas of the said claim. The effect of 
elastic piers is also treated, both the usual method of solution and 
fay the Method of the Ellipse of Elasticity. 

The method of laying out the oenlare Une of an ardh rib wH fint be 
discussed, and fhen the equatiocui to be used in its preliminary design 
and in its final design; after which the application of these principles to 
the calculation of the stresses in an arch will be illustrated. 

Determination oj Hut Cmire Lim oj Hib 

The centre line of an arch rilj should, preferably, bo so located that 
the maximum moments at the various sections will be as small as i)os- 
sible, as this will permit the use of the minimum s<'eti(>n of rib, and will 
require the least amount of reinforcement. T\\r form to })e adopted for 
any particular ease will di'|>end upon tlie distribution of the loading, and 
also upon the ratio of the rise to the span length. Occasionally the out- 
line of a rib may be determined by q)ecial conditions, such as underclear- 
ance requirements, or a particular curve may be used for osthetic pur> 
poses; but a rib laid out in this manner is likely to be uneconomic. 

In the following discussion moments will be considered positive when 
causing oompreasion in the ujyper fibres of a rib, and negative when caus- 
ing oonqiresBion in the lower fibres thereof. 

For an aroh in which the rise is high as compared with the span length, 
the moments at various sections will be mamly those produced by partial 
live loads. Temperature stresses will not be large; and th^ will have 
no effect on the section of the rib riHiuired, since an increase in unit stresses 
of thirty (30) per cent is allowed when they are considered. The moments 
from arch shortening will also be small. For such an arch it will be best 
to nuikc the centre line of the rib follow the funicuhir polygon for de^d 
load plus one-half live load over the entire span. \\ hen this is done, the 
moments at all sections due to the al)ove loading will be practically zero, 
if we neglect the ( flt ct of arch shorteuiug. In order to j)r(Kluce a maxi- 
mum positive moment at any given section we shall vary from this con- 
dition of loatliiig by adding half live-load con< "en t rations at certain ioa<l 
points and removing equal amounts at all the other loacl points; while to 
cause a mRyimnm negative moment at the same si;ction we sliall remove 
half livti-load concentrations at the first-mentioned load points, and add 
equal loads at the other load points. Evidently, therefore, the maximum 
positive and negative moments at any section will be practically equal. 
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which is the most favorablo comiition possi})lo. Owing to the effect ol 
arch shortening, the positive moments will exceed the negative a tiifle 
at the cn>wn, and the negative will be a little greater than the pooitm 
at the springing; l^ut it will be found impossible to alter the shape oC 
the oentre line of the lib bo as to reduce the maximimi momente at qob 
of theee pointSy without at the same time inereasing that at the otlMr. 
Forthermoiey aa a point in the haunehes, at which the Bfa r ooBo e due to 
arch shortening are even smaller than at the crown, wHl usually be the 
eritical 8eotion> the obtaining of an exact balance of mommta at the 
crown and springing is of no importance. 

In a flat arch the s tr oa s c a £rom arch shortening and tenqperatiire are 
very important. Arch shortening produces positive moments at the 
crown and negative moments at the springing, and a fall of temperature 
produces the sjime effects. The fall of temix*rature is generally assumed 
to be about 50 degrees F., and the rise, 30 degrees F. Since th(^ effect 
of arch shortening is in most spans about the same as that of a l '> 
de^re( s F. fall of temperature, the combination of the two effects ^ill pr o- 
duee the same stresses as a 65 degrees F. fall of tcniprraturc, or a 15 
degrees F. rise. This will r(\sult in high positive moments at the crown, 
and high negative moments at the spruiging. These effects can be 
balanced to some extent by laying out the centre Une of the lib to 
follow the funicular polygon for dead load only. Under these can> 
ditionB, the dead-load moments at all aections ^\nll be practicalljr 
aero; «nd since the positive live4oad moments will be a trifle greater 
than the negative at the crown, and considefabfy greater at the *r™8mg, 
the positive dead-plus-live-load moments at tiiese sections will be greater 
than tiie negative, rather than equal to them as in the case of the rib 
laid out for dead-plusJialf-Jive loads. This increase in positive momeot 
at the crown is not desirable, but its amount is small, and the effect theraf 
is of little importance. The decrease in the negative moment at the 
springiilg is an advantage, as it will usually permit a reduction in the 
section at that point. 

There is a further point in favor <>f laying out the centre line of the 
rib for the dead load only, rather than for the dead load plus half of the 
live load, in that it ensures that the line of pressure will be closer to the 
centre line of the rib under the condition of loading generally prevailing. 

Tli«' ratio of rise to span length at which it is immaterial whether 
the centre line be laid out for d(>ad load only, or for dead load plus half 
live load, depends to some extent upon the loading and the form of the 
arch rib. For comparatively thick ribs the critical value will be larger 
than for thinner ones; while for great hve-load moments the said crilieai 
value will be less than for smaller live-load moments. Ordinarily it nuqr 
be expected to be from onl»-fifth {%) to one-eizth (/^). For a oonsiil- 
erable range of values, it will make but littie difference iriuoh of the meth- 
ods is employed. For any particular case the question can be aettled by 
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means of equations given later for the approximate design of arch ribs. 

The usual method of laying out the ct utre line of an arch rib is to 
determine pjaphically the funicular polygon for the assumed condition 
of loading, and then locate the centn^ line to follow it as closely as jiossible. 
A method whioh has been used in the author's office for several years 
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is believed to be preferable, and is aoooidiiigly given below. It was de- 
rived fay EL A. Slettum, lisq., CH, and C. W. Yehn, Esq., Cjii., while 
they wm in the employ of the author's firm. A brief desci^ition of this 
method is to be found in the before-mentioned paper by E. E. Howaidy 
Mem. A S. C. E., entitled ''The Twelfth Street Traffieway Viaduct, 
Kansas City, Ma" and printed in the JProc. A S. C. K for May, 1916. 
Similar metiiods have been used by several other writers. 

Suppose the centre line of the arch rib shown in Fig. 37(W to coincide 
with the funicular polygon for tht^ viir>'ing load represented hy the shaded 
area at the top of the figure, the curved line at the bottom of this area 
being a parabola with its vertex at the centre of tin? span. Let be 
the load jkt lineal unit at the crown, and that at the springing. The 
thrust //„ at the'cro^Ti of the arch can be found by taking moments 
about the springing, and is evideutiy 

iy.-7[-|-p.P + ^(P.-lO^«] -jf;(p. + 5AJ. lEq.170] 
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dy 

Now the slope of the arch rib, ^ or tan a, at any point distant z from 

the crown must be equal to the load on the rib between the aaid point 
and thflt crown divided by Ho, so that we may write 



dy ^^''-^ i ~ ^''^^ 

:r = tana « ;r 



4 ai^ 



[£q. 171] 



On dividing both numerator and deoominator of the right-hand member 

of this equation liirough by p^, and letting » ii| we have 



4r 



48r 



(w + 6) 



12a;+16(tt-l) 



[Eq. 172) 



Int^grathag this latter ezpresaionf we get 



[£q. 173] 



This last formula is the desured equation fear the centre line ol the rib. 

The assumption made above, that the load on the rib will vaiy with 
the ordinates of a paraboUi, has been checked agauist several arches, and 

has been found to be very reliable. It applies for both open-^)andrel 

and solid-spandrel arches. 

It is necessiiry to divide the arcli ril) into a ininil)er of sections in order 

to apply approximute methods of integration, and for this purpose the 

dy 

above equations for y and can be put into more oonvenient fonna. 

»Su|)i>os<! the horizontal projection of one-lialf of the rib to be divide*! 
into A'^, equal parts, and let the crown l>e numlxTed 0, and the other 
points of divisioni 1, 2, 3, etc., the number of the springing \K)'mt being 
Let N represent the number of any point. Then since x for aoj 

y I (fy 

point equals ^ '2* equations for y and ^ become 



[Eq. 174) 



It will usually be convenient to left \\ equal twenty (20), in which 
case these equations take the fomu* 
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It will he notrd that the method outlined tfikes care of vertical loads 
only. In a .spandrel-filled arch of considerable rise, the horizontal pres- 
sure of the filling must also be considered. This will require the rib to 
be curved more sharply near the ends, which result can be obtained by 
increasing the value of u. If the horizontal forces are of importance, H 
will be best to determine the position of the cent re line of the rib graphically. 

For flat arches the curve represented by Equation 173 is often prac- 
tically a segment of a drcK For such ardies it will be well to test this 
lelatioDsfaip; and if the agreement is close the circular curve diould be 
used, as the work of laying out the lib will be simplified thereby. 

The ellipee is frequently employed as the curve of the intrados of an 
arch rib, especially in the case of spandrel-filled arches. Tliis curve is 
not suitable for the centre line of a rib, as it is too highly inclined at the 
springing. However, by thickening the rib oonaderably just at the 
springing the intrados can be made an ellipse without the centre line 
itself deviating unduly from the proper curve. It will still probably 
have too sharp a curvature at the ends, so that the ])ositive moments 
at the springing from deiul and live loads wnll be inueli larger than the 
negative. The positive moments at the trown will be a trifle greater 
than the negative, and the negative a little greater than the positive in 
the hauneh(*s. The excess of f>ositive moment at the springing will be 
partly offset by the negative moments from arch shortening and fall 
of temperature. These latter effects will, however, produce positive mo- 
ments at the crown, and the thickness at that point may have to be in- 
creased a trifle for this reason. The laige increase of thickness required 
at the springing will not affect the appearance of a i^Mindrel-fiUed arch, as 
it need not show on the outer surface. 

Occasionally it is necessary to place one fqaringing of an ardi at a 
hii^ier elevation than the other. This results in an umymmetrical lib. 
If the difference is small, the rib can be designed as though it were iym- 
metrical, with the springings located at an elevatiim irinnAi m the average 
of the ones used for the* two actual springings. In laying out the rib, 
the s's of the various points are then to be measured horiiontally and 
the y*8 are to be measured vertically downward from a line drawn 
through the crown parallel to the line joining the actual springings. 

Equation, J or Thickness of Rib 

It 18 desirable to have an equation for the thickness of the rib at any 
point in tenns of the thickness at the crown and springuig. lliis ez- 
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praodon must be of such form that the thickneeB will mcreaee gradualljr 
from the orown to the springmg. A formula which can be used is 

I N 

Intiodudng the quantity instead of a; as bef oiei we have 

A«;io + ^^^^^seca. [Eq. 179] 

When Nt ^ 20, this equation becomes 

A = *. + ^^5^seoa. [Bq. 180] 

Equations 178, 179, and 180 are not adapted to flat arch ribsi as they 
give a greater thickness than is required in the haunches, thus wasting 
concrete and increasing unnecessarily the temperature stresses and arch- 
shortening stresses at the crown and springing. For such ribs it will be 

sec a 

best to replace the ratio in these equations by its square or cube, 

or even a consideraV)ly higlicr j)owor for ver>' flat arches. Such a value 
should be chosen that the increase of thickness at the quarter-poini of 
the span over that at the crown will be somewhat less than M {h^ — Aj. 

For a lib with an elliptical intradosi it is possible that none of the 
equatioos suggested above will scr\'c, owing to the rapid increase in thick- 
ness required near the qnringing. For such a rib it will be best to vm 
the fonn suggested in the preceding paragn^h from the crown to a point 
near the q>ringingi and then determine the th i ck ncoeco for the remainder 
by laying the rib out to scale. 



AppiiiximaU Melhoda itf CakuUMon 

It is important to be able to compute quickly approximate values of 
the stresses at the critical sections of an arch rib, both for the puipose 
of making estimates and in order to select the sections of a rib to be 
used in a final design. Figs. 37e0, 37/f, and 27gg, and Equations 181 
to 193, inciusiye, will give results which are sufficiently accurate for these 
purposes. They were worked out from the actual designs of a number 
of arches. They apply duectly to ribs laid out in the manner before 
explained, in which the thickness varies in accordance with Equation 
178; and with a few modifications they will also serve for certain other 
forms, a.s will In* explained later. 'l'iif\ pro))al)ly fjivc result-s sufficiently 
accurate for final designs, since the stresses involved are indeterminate; 
but the author catmot guarantee this until they have been checked 
a^ust a greater number of ribs. 
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The thrust at the crown <^ the arch, when it is loaded with the load- 
ing for which its centre line was laid out, is given by Equation 170. fut- 
tang Pa ~ vpo m this equation, it beoomes 

^• = ^(t* + 6), [Eq,181] 

The thrust at any other point of the hb, due to this nme loading, is 

7 « J7o 880 a; lEq. 182] 

and at the springing it has the value, 

7, = /fo sec /8. (Bq. 183J 

The moment at any point of the rib, due to the loading for which it 
was laid out, is theoietica% aero (neglecting for the present the effect 
of ardi shortening). However, the said loading will usually not vaiy ck- 
acUy as the ordinates of a parabola, and, therefore, there will be small 
moments at various secticnu; and if a portion of the load is concentrated 
at certafai points, as in an open-epandrel arch, positive moments will 
occur at the load points and negative moments at the points midway 
between. An examination of the results for several arches indicates that 
the positive moment at or near any loud concentration can be taken 
as equal to 

and that the moments at other points can be assumed to be 

The positive and negative Uve load moments (exclusive of the effect of 
arch shortening) at the crown, springing, and various intermediate points 
can be detennined by the formula 

M = C^, [Eq. 186] 

in which p is the total live4oad per lineal foot, and Cm la a coefficient 
the value of which can be tsken from the curves of Fig. STse. It will be 
noted that the value of depends upon the ratio of the moment of 
mertia at the springing to that at the crown. 

When the centre line of the rib is laid out for dead load only, the 

maximum moment ;it any section due to dead and live loads only will 
be the sum of the? live-load moment as determined by Equation 180 and 
that given by Equation 184 or I^.quation 185. The live-load thrust at 
the crown can be eonsidered to be that due to lialf Uve load over the 
entire span, and its value can be taken 
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The live-load thrusts at other points can be figured with sufficient ac- 
curacy by the use of Bk^uations 182 and 183, 

Wlien an arch rib is laid out for dead load plus one-half live load, 
the moment at any section under this loadinj^ i-; given by Eciuation 184 
or Equation 185 (negiectiug, as before, the eHect of arch shortening). 




■■■■■■■■■■■■■■■I 
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FI0.87M. Values of LivQ-Load Monieni CoeffidflDi Cm. 



s 



The maximum moment at the same point due to combined dead and 
live loads can be found by adding to this value the average of the positive 
and negative live-load moments at the section, as detenninied by Eqm^ 
tkm 186 and Fig. 37e6. This added moment may be either positive or 
DQgfKtiye. The thrust- at the crown is given by Equation 181; and the 




Fio. 37^. FoBtion of Foint of Contmflovnro for Arch 

•Strcbbcti. 



and TeBBpnton 



thrusts at other sertions can be figured by means of Fxiuations 182 and 183. 

The position of tlie plane of contraflcxure for arch sh(jrtening and 
temperature stresses can be found by means of Fig. 37^, which gives 
the ratio of the distance y« that the said plane lies below the crown lo 
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the liae r. As will be noted, the value of ^ depends upon the ratio of 

the moment of inertia at the springing to that at the crown, and also 
on the ratio of the rise r to the efpan length L 

The thrust at the orown due to arch shortening can be figured by 
the formula, 

H.= -(lO + 3f;)^.|^--(l + o4;)^. IE,.188] 

The last member of this equati<m is written <m the assumption that /« 
equals -ttt; which is about true for ordinary percentages of reinforce- 



10 

ment, as can be soon l)y referring to Fig. 37/. 

The moment at tlic crown from arch shortening is 

3f, - - J^aVo. 



[Eq. 1891 




J 4 S. 

Fia. Zl^Q. Values of Tempcniturc Stress Coefficient C«. 



Ma i*^ always positive, since is always negative. The moment at 
any other point is equal to 

M^Ha(y-yo); [Eq. 190J 



and at the springing it has the value. 



lEq. 1911 



The moment at the springing is always negative. The thrust T at any 
section due to arch shortening is given by the formula 



7 » ir« 008 a. 



[Eq.l92] 



It is always negative. 
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The thrust at the crown due to a change of temperature is giveu by 
the formula, 

H,-C,'^^. lEq. 1931 

the values of the ooefficioit Cf being taken from the oorves of FSg. 37gg, 

J r 

Its value depends on thoae of the ratios j- and y. The quantity < eairiea 

its own sign, it being positive when the temperature rises and negative 
when it falls. The moments at various points are to be figured by means 
of Equations 189, 190, and 191, replacing M« and H« by if| and 
For a rise of temperature the moment at the crown is negative, and that 
at the springing positive; while for a fall of temperature the signs aie 
reversed. The thrust at any section is to be ealeulated by meana ef 
Equation 192, replacing Ha by Hp It is positive when the tempemture 
rises, and negative when it falls. 

For a flat arch in which the centre line of tiie rib is laid out as abea^F 
e9q>lained, but in tduch the thickness does not vaiy in accotdanoe with 
Equation 178, the above formuls can be applied as foUows: Figure the 
moment of inertia at the quarter point, and then compute its value at 
the same point as though the thickness varied in accortlance with txjua- 
tion 178. Call the percentage that the first of these values falls below 
the second one x. Then the change in the thickness of the rib v^-iW cause 
a reduction in the arch shortening thrust of 0.4x per cent, a reduction 
in the thrust from temperature changes of 0.6x per cent, and an increasac 

in the live-load moments at the crown and at points within ^ thereof of 

0.2speroent. The Uve4oad moments at other sections will be but digjttily 
affected, as will also the position of the plane of contraflexure for ardi 
shortening and temperature thrusts. 

For an elliptical rib the positive mc«nent at the crown will be a tviia 
greater than the vahie given by Fig. 3766; the ni gative moment in the 
haunches will also be a trifle greater; and the positive moment at the 
springing will be considerably greater. The amounts of these changes 
can be found by laying off the centre line of the rib to scale, and then 
drawing in a funicular polygon for dead load plus half hve loa<l tner the 
entire span which vAW pass just above the centre line at the crow n, and 
just below it in the haunclu s. 1 lu' moments due to the deviation of this 
funicular polygon from the centre line of the rib should then \n} com- 
puted, and added to the values found as previously explained for an arch 
laid out for dead load plus half of live and impact loads. 

The formulse and diagrams just given can be applied to an actual 
rib in the following manner, after the loads which come jxponk the rib 
and its rise and ttpeax have been determined: 
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1. Assume values of ho, and stn^ /3, and calculate po, Ptt and u, 

preferably for dead iuud plub une-half live load. The equivalent 

I 

unifonn live load should be taken for a loaded length of 
I r 

2. Compute /«, /«, j-, and fp ftiid substitute the values of 2, and u 

Jo • 

into Equations 172 and 173. 

3. Hgure the dead- *and live-load stresses at the crown and sprinipng 

(and at one or more points in the haunches for arches of high 
rise) by means of Equations 181 to 187, inclusive, and Fig. S7ee. 

4. Cuinpute the stresses from arch shortening at the same sections by 

means of Equations 188 to 1U2, inclusive, and Fig. 37 ff 

5. Compute the stresses from temperature changes at the same sec- 

tions by mt am> of Equations 193, 189, 190, 191, and 192, and 
Figs. 37^ and 37gg. 

6. Test tiie various sections for the calculated stresses, and revise the 

assumed values as required. 

7. Recalculate the stresses at the various sections if the loads and 

the ratio j- assumed at first were too much in error, and refigure 
the sections. 

It is suggested above that the value ol « be ooo^ted for dead load 
plus one^ialf live load, because that is the oooditicHi which wiU be used, 
unless some other condition is found to permit the adoption of smaller 
sections for the rib. The error involved will never be laige, and will 
always be on the side of safety. 

Hie value of p, should not be computed for the actual loads at the 
springing section, since there will probably be very heavy details at that 
point for aesthetic reasons; but it should be figured on the assumption that 
the construction used over tlie arch it*>elf is employed at tins point also. 

The value of sec /) for a parabolic rib is 1 + (y ordinary 
ribs, it will be a few per cent greater than this, the exact expression being 

1 -j- y X ^^^ J ' value of sec a at the quarter point of a 

parabolic rib is 1 + (^)^ <^ for ordinary riba it is about one per 

cent less. 

To illustrate the procedure just outlintnl, suppose that we wish to 
make an approximate design for the arch ribs of a two-ribbed, open-span- 
drel arch of 93.3 feet sjinn and 18. 5 foot rise, wliich carrier a roadway 
28' wide, the live load lu iiig Class A. The loads from the floor, etc., 
are supposed to have been figured previously. We proceed as follows: 

r 18.5 



= 0.2. 
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Sec = 1.3 say (»1.28 for a parabolic rib). 

AflBume each rib to be 4' ^' wide throughout, H ff' thick at the crown 
and ^ S" thick at the springing. The thickneBB will be aasumed to yaij 
in accordance with Equation 178, ita value at any pdnt being given by 
the cxpressiou, 

4D.7 1.0 

The vulu(3s of po and p, for dead load plus half of live and impact 
loads are then figured as follows: 
fi^ — for one rib. 

D. L. Fkxnr, paving, spandrel ools., etc. 3380 lbs. per lin. ft 

Arohrib, 2* 0" X 4' 4" X 160 lbs. 1300 " 

L. L. CIA., 47' span 113 lbs. per sq. ft. 

Imp — n - 2 34% ^ lbs. per sq. ft. 

i (L. L. + I- L-) 151 X 14 X i 1060 ' * 

Total 5740 lbs. per lin. it. 

Pb * for one rib. 

D. L. Floor, paving, spandrel cols., etc 4410Ib8.perlin.fi. 

Arch rib 3' S'' X 4' 4" X 150 X 1.3.. . . 3100 " " 

} (L. L. + 1. L.) - asfor Po 1000 " " 

Total 8570 lbs. per iin, ft. 

8670 
" * " " 67^ " 

Assume reinforcement as 0.6 per cent in each face throughout, loeated 
at a distance of ^ from the surface. 

lo = 0.106 X 4.;i;i X 2 X 2 X 2 =3.7 (Fig. 370. 

/, « 0.106 X 4.33 X 3.67 X 3.67 X 3.67 -> 22.7 (Fig. 370r 

and = 227 3.7 - 6.1 

Stresses from dead load plus om-haif Urn load. 
Crown. 

fl. - X 6.49 - +365.0001be. 

Jf.-5I^^^ - + 33A)0Dft.lh.. 

Haunch — say at a spandrel column located at a distance of ^ from 
the crown. _ 
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T « say + 370,000 ft. lbs. 

M = + 33,000 ft. lbs. 
Springing. 

- 305,000 X 1^ - + 475,000 0)6. 

- - 17.000 ft Iha 

Live-Load MamerUs. 
Crown. 

Ar« - ^ 0.0043 X 2120 X 03.3* - -«> 79,000 ft. Ifae. 
Haimoh. 

Af - * 0.007 X 2120 X 03.3' - ^ 129,000 ft. lbs. 

Springing. 

if. . ^ 0.0226 X 2120 X 93.3' - 417,000 ft lbs. 

Stresses from arch shorLeniiig. 
Crown. 

fi; - (1 4- 0.3 X 6.1) J,^ - - 0.026^0 = -9500 lbs. 

= 0.21 X 18.5' - 3.9' 

ilf • - 9500 X 3.9^ - -+ 37,000 It Oxk 

r = say ' — 9000 lbs. 

M = 9500(3.9 - 0.7) - + 30,000 ft. lbs. 
Springing. 

= - 9500 ^ 1.3 - - 7000 lbs. 

M, - 9600(3.9 - 18.6) - - 139,000 It Ibfl. 

Stresses from temperatwre changes. 
Crown* 



jy, - - 3 1 X 



60'' FaU 30*" Riae 

0.000006X50X288,000,000X3.7 



18.5» 

- - 29,000 lbs. 4- 17,400 lbs. 

JIf I - 29,000 X 3.9 - -f 114,000 ft lbs - 68,000 ft lbs. 
Haunch. 

r = say - 29,000 lbs. + 17,000 lbs. 

M = 29,000 X 3.2 « + 93,000 it. lbs. - 50,000 ft. lbs. 

Springing. 

r, = 29,000 1.3 - - 21,000 lbs. + 13,000 lbs. 

Af« - 29/KX) X 14.6 » - 424,000 ft lbs. +250,000 ft U» 
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The three sections arc now tested as follows: 



SeeHon al Crown. 

Thrust. 

Dead -}- half live 

Arch shorU'iiiiig 

Temperature — 50° fall. 

Total 

Momont. 

Dead + half live 

Live load — poflitive. . . 

Arch shortening 

Temperature - 50"* fall. 



Temp, not 
Considered 

+ 365,000 lbs. 
- 9,000 " 



Ten^ 
Cooflidefed 

+ 365,000 lbs. 

- 9,000 " 

- 29,0(K) " 



+ 356,000 lbs. -f 327,000 lbs. 



+ 33,000 ft.-lbs. 
-f 79,000 
+ 37,000 



4- 33,000 ft.-lbs. 
+ 79,000 
+ 37,000 
+ 114,000 



Total 



+ 140,000 ft-lbs. + 263,000 ft.-lfa8. 

or 1,790,000 iiL-lbs. 3,100,000 iiL-ibs. 

e - Mom. + thrust 

Dfanenaoiu X 6 24" X 52^' - 1248 sq. in. 12488(i.in. 



h 



24 

6 

1,790,000 



62X2^X600 

2^ 

24 

p per face (¥ig. 37g) 

This is satisf aotory. 



^say 



4.8 



0.10 



0.1 



-2.6 



24 
9.7 
3,160,000 
62X24»X780 



= 0.135 

ai 

0.57% 



Section in haundt—l/lO from crown* 

Dead + halfUve +370,( 

Arch shortening — 9,( 

Temperatiire-^60** fall 



lbs. 



+ 370,4 

- n 

- 29,( 



IbaL 



Total +361,000 lbs. + 332,000 Iba. 

Moment. 

Dead + half live -f 33,000 ft.-Bba. + 33,000 fi.-ibs. 

Live load— positive + 12'J,()U() " + 120.0(X) " 

Arch shortoninK -}- 30,000 " + 3().(M)0 « 

Temperature— oO"" fail + 93,000 



«< 



Total + 192,000 ft.-lbs. + 285,000 ft.-lbs. 

- 2,300,000 in.4b8. 3,420,000 ia.-lbs. 
e 6.4" 10.3" 



by Google 



BXINFORCBD CONCBBTB fiBIDGBS 877 

Temp, not Temp. 

Con^iidcrcd Considered 

DimenaioDB ^ X 6, 27'' X 52" - 1404 sq. in. 1404 sq. iiL 

- 4.2 2.7 

e 

= 0.09 0.09 

h 27 

24 

p per face, 0.57 X 27 = 0.51% 0.51% 

Tt/U (Fig. Zlq) ai20 0.131 

510 690 

Hence section as assumed is all right. 

Section at spnngwQ* 
Thrust. 

Dead 4- half live + 475,000 Ibe. + 475,000 lbs. 

Aieh shorteguiig - 7,000 " - 7,a 



Temperstuie— 60^ fall - 22,000 " 



Total +468,0001bB. +446,0001b8. 

Moment. 

Dead + half Uve - 17,000 ft.4be. - 17,000 ft.-lb8. 

live load-fiegative -417,000 " -417,000 " 

Arch ahorteninp: - 139,000 " - 139,000 " 

Temperaturt^— 50° fall - 424,000 " 



Total - 573,000 ft.-lbs. - 1397,000 ft.-lbs. 

6,860,000 in.-lbs. 11,960,000 in.-lts. 

c 14.7" 26.8" 

Dimensions A X 5, 44" X 52" » 2290 aq. in. 2290 sq. in. 

J 8.0 1.64 

^,860.000 11,96 0,000 ^ 
62X44»X600 62 X 44* X 780 

r « ^ - 0.00 0.06 

A 44 

p per face (Fig. 37^) 0.6% 

Hence section as a.ssumed is all right. 

( Omparing the fip^ires given above for the various sections, it is evi- 
dent that the section at tlie point in the haunch is uniicccssarily thick 
as compared with thos«^ at the crown and the sprin^;ing. This was to 
have been expected, as Equation 178 is not suitable for so flat a rib. The 
thickness at the^ quarter |X)int, taking the value of sec a a little less than 
Vl + (2 X 0.2)2, or 1.07, is 

* - 24" + 0.33 X 23.3 X 1.07 - 24" + 8.2" - 32.2", 
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The increase over that of the crown has thus been 8.2'', while properly it 

20" sec ci 

should have been less than -7-, or 5". If the ratio — - had been re- 

4 sec ^ 

placed by its square, the increase would evidently have been 8.2" X -7-^ 

8.2" X 0.82 = 6.7"; if by the cube, 8.2" X 0.82* = 5.5"; and if l)y the 
fourth power, 8.2 X 0.82^ = 4.5". Probably the last value would be the 
best. Adopting this, we get for the thickness at any point, 

» - 24" + 20 ^^(^y - 24" + ai6 X ««• * 



(28 5\ ' 
^2~2/ > ^ about 0.7. The moment of inertia at the 



The thickness at the quarter point now l)ecomes 24" -f 4.5" = 28.5", 
rather than 32.2". The ratio of the new moment of inertia to the former 

^28.5\» 
^32.2> 

quarter point has thus been reduced thirty (30) per oent. This will 
result in a reduction in the temperature stresses of 0.6 X 90 » 18%, and 
m the arch shortening stresses of 0.4 X 30 » 12%; and it will increase 
the live load moments near the crown by 0.2 X 30 » 6%. The three 
sections will now be retested as follows, omitting the figures in which the 
action of temperature is not considered, as they are evidently unnecessary. 

SeeHion at craum. 

Thrust. 

Dead + half live— as before .* + 365,000 lbs. 

Arch shortening,- 9,(K){) X O.SS - 8,000 " 

Temperature— 50° fail, - 2i),U00 X 0.82 ~ 24,000 



tt 



Total +333,000 lbs. 

Moment. 

De^d + half live — as before -f- 33,000 ft.-ib8. 

Live load— I>ositive, 4- 79,0(X) X 1.06 + SJ.OOO " 

Arch shortcniiifr,-!- :37,()(HJ X 0.88 + 33,0(K) " 

Temperature— 50° faU,-f 114,000 X 0.82 -f 94,000 " 

Total + 244,000 ft. -lbs. 

or + 2,930,000 in.-lbs. 

e 8.8" 

Dimensions—A X 6 24" X 62" «= 12488q. in. 

h/e 2.7 

„ 2,930,000 
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ai 

h 24 

p per face (Fig. 37r/) , 0.45% 

Section in haunch — 1/ 10 from crown. 
Thrust. 

Dead + half live— a^i before + 370,000 lbs. 

Arch shortening, say — 8,0(X) " 

Temperature— fiOMaU, say - 24,000 " 

Total + 338,000 IbB. 

Moment. 

Dead + half live— as before + 33,000 ftMbs. 

live load— positive, + 129,000 X 1.06 + 137,000 

Arch shortening, 30,000 X 0.88 + 26,000 

Temperature-^ fall, 93,000 X 0.82 + 76,000 " 

Total + 272.()(M) ft.-lbg. 

or + 3,200,000 ia.-lb6. 
• • • • •• ••••••••••p*««»*«*v«»*» • ■ • 0«0 

Dimensions hXb 25.4 X 52 - 1320 sq. in. 

h/e^ 2.7 

01 

24 

p per face, 0.45 X — * 0.42% 

R/fc (Fig. 37g) 0.124 

3,260,000 • 
" 52 X 25.4« X 0.124 ' 

Section at Springing. 
Thrust 

Dead + half live— as before +475,000 lbs. 

Arch shortening, -7,000 X 0.88 - 6,000 " 

Temperature-^ fall, -22,000 X 0.82 - 18,00 0 

ToUil +451,000 lbs. 

Moment. 

lX'u<i + half livi>— as before - 17,000 ft.-lbs. 

Live load — negative — as before — 417,000 " 

Arch shortening, -139,(KK) X O SS - 122.(MM) " 

Temperature— 50° faU, -424,000 X 0.82 - 348,000 

Total - 904,000 ft.-lbs. 

or - 10,850,000 in.-lbB. 

e 24.1". 
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Dimensioiis hXb 44 X 52 » 2290 sq. in 

h/e 1.83 



R/fc = 



10,850,000 
52 X 44* X 780 

h 44 

p per face (Fig. 379)... 



0.139 



0.06 
0.49% 



From the precodinp (alculations it is evident that the thinner rib is 
the one which shtjuici ho iidopt-ed. As the percentages of reinforcement 
required are low, a small rt'chjction in tlie concrete t^ectioos at the crown 
and the spnuging would be permi&jibie. 

Exact Methods oj ColcukdUm 

In the following expoeitionj it will be assumed that the arch rib is 
symmetrical about its centre line, as that is the condition which usually 
occurs. Should the rib be unsymmetrical, it will merely be necessary to 

, ^ , ds yd8 Ms xds Ms , sec ads , 

fonn the summations of ds, y, , — , and — — for the 

entire rii), and tlrop the coefficient 2 wherever it occurs in Equations 194, 
195, 196, and 212. The various summations involving M' wiU, of course, 
be difTcrent for the two halves of the rib; but the equations as written 
allow for this. 




Fio. ScetchcrArcfaRib. 

Let il C ^ in Fig. Z7hh be an arch rib symmetrical about the crown 
C, fixed at the ends, and loaded in any manner. Suppose the rib to be 

cut at C, and let each half thereof he held in equilibrium by the stresses 
acting un the cut i>ection. Tlicn, using the notation given on page 789 
et seq., we have the fulluwing lurmulai for the thrust, moment, and 
shear produced at tiie crown by external loads, neglecting the effect of 
arch shortening. 



Digitized by Google 



REINFOKCED CONCRETE BRIDGES 



881 



Jd8 J M'yds _ J M'ds Jyd» 



y» TT^S [Bq- 1951 

Af. AX, IBq. 1961 

V7 

The moment at any point in the left half of the rib is given by tlie equation, 

Ml = Ml' -i-M^ + HoV- V.x\ [Eq. 197J 

and that at any pdnt in the right half , by the foraiula, 

^M^ ^M.-\rii.y^ Y.z. [Eq. 198] 

The vertical components of the thrusts, the thrusts, and the shears due 

to vertical loads at any sectiou are to be figured by the formulae, 









[Eq. 199] 






V. - n, 


[Eq. 200] 


Tt 




Vi am a + ^0 COS a, 


[Eq. 201] 


Tr 




— Vr sin a -\- Ho cos a, 


(Eq. 2021 


Si 




F| COS a — I!q sin a, 


[Eq. 2031 


Sr 




Vj. cos a -\- sin a. 


[Eq. 204] 



and 

In Ekiuations 196 to 204, inclusive, 7o, and Jlf » cany thdr own signs, 
as detennined from the preceding equations. 

Should any of the loads be inclined, the quantity Ho is to be replaced 
in Equations 201 and 203 by //» + Hi, and in Equations 202 and 204 

by j^o + //r'. 

For arch shortening, we have the following formulss: 

^ J* sec a ds J* f/.s 

" " ".[/f/^'-(/V)i/=T^/7 



l£q.206] 
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Ua= - Ha Vo, [Bq. aOTI 

Jf , = Af , - Ma + jy. y - ir« (y - ifc), IBq. 206] 

Ti - TV « jET. oosa, [Eq. 209| 

iSf" -ir«8ina/ [Eq.210| 

and iS;. - 17, sin a. |Eq. 211] 

In Ec]uation 205, Ho carries its own sign, as does Ha in Equations 207 
to 211, inr-lu'^ivo. The second tenn m the denominator of Equation 205 
amounts to about seven or eight per cent of the first tenn in arches hav- 
ing a rise of one-tenth of the span, to about two and one-haif per oent 
when the rise is one-fifth of the span, and to less than one per cent friiaa 
the rise is one-third dl the spaA length. Hence it may be neglected ex- 
cept for flat arches, as the error thus produced is on the side of aalety. 
For any particular case, the amount of this enor will be about equal to 

jf-, as determined from Equation 18& When A varies about as aee a, 

/sec ttds It 
— ^ — can be replaced by and when A varies near^ 

as setf a, by 

For temperature stresses the following formuke are to be used; 

T 

Mt«- - Ht Vo, [Eq. 21.T 

Ml = Mr = Ml -\- Ilty = Htiy - 2/,), [Eq. 214; 

Ti = Tr = III cos a, ' [Kq. 215] 

jSi = - //<sina, 210] 
and iS^ " £f| sin a. [jBq. 2171 

The value of yo is given by Equation 20G. In Equation 212, t carrits 
it-s own sign, as does Hi in Equations 213 to 217, inclusive. Tlu' o<|u:i- 
tiou fur Hi can be 8inij)liti('(i, fur arches of considerable rise, hy droppii^ 
the last term of the denominator of the right-hand member, as was ex- 
plained above in the case of the equation for If a. 

The calculatioiLs should l^e carried out in the following manner, after 
the loads which come upon the rib, and its rise and ^pan, have been de- 
termined: 

1. Make a preliminary design in the manner previously outlined, and 
from it select the sections at the crown and springing, determine 
the law of variation of the rib thickness at intermediate points;, 
and decide whether the centre line of the rib is to folknr the 
polygon for dead only, or that for dead load plus half live IqmL 
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2. Rec{ilculat(; po, pa, and w, if neccsf«iry. Then decide upon the 

number of divLsions into which the rib is to be divided, and 

dy 

determine the equations for -j^, and A. 

3. Calculate the loads at the various load points, and check the 

value of 11 just selected by plotting the said loads to scale, lus 
shouTi in Fig. 'Slii. (The values of the various concentrations 
are, of course, proportional to the corresponding equivalent uni- 
form loads.) If necessary, change the value of u, and deter- 

dy 

mine the new eciuations for y, ^ and h. With proper care it 

will never be neoesBaiy to recalculate the loads on acooimt of 
such changes. 

dy 

4. Calculate the quantities y, sec ce» A» A~ 2d', ^mmr 

_ , ds yds 7fd8 xds 2^ds , sec ads . , 

wious sedaonSy as indicated in Tables 376 and 37e^ and fonD 

ds sec ce 

the summations for the quantities da to — ^ — » inclusive. 

5. Figure the values of Hq, Vo, and Mo for external loads in terms 

of the quantities J — j^ ^tj — j — » J j means 

of Equations 194, 105, and 196. 

6. Figure the value of Ha in terms of H^, the value of y«, and the 

value of Jf a hi terms of Ha and H^, usmg Equations 205, 206, 
and 207. 

7. Figure the vahies of Ht and Mt, for both rise and fall of tempera- 

ture, by means of Equations 212 and 213. 

8. As a check, compare the values of Ifa, ^^/a> ^^t, ^^^d Mt just found 

\^ith those obtained in the preliminary design. The agreement 
should be close. 

M'ds M'f/ds M'sda 

9. Calculate the values of M , — ^ — , — j — , and —j — for umt 

loads at each load point, as indicated in Tables 37d, 37e, 37/, 
and 37(7, and form the summations for the last three quantities. 
10. Calculate the values of Ho, Vo, and Mo for unit loads at each 
load point by means of the oquatioiLs written out under Item 
5 of this list, and from them calculate the vahies of V and M 
(for the said unit loads) at each section which may need test- 
ing, using Equations 107, 198, 199, and '200; and record the 
results as mdicated in Table 37A. 
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11. Plot influoncc linos for the iiioiiionts at the various sections, a? 

indicat(Ml in Fig. '67 jj. Any irregularities in any of the curves 
will indicate errors in the calculation work. The apices of the 
various curves shoukl also lie on a smooth curve, as shown by 
the dotted line in the same figure. If the loading is <listribut'\i 
rather than concentrated, the curves are then to Ije utilized to 
find the moment coefficients for uniform loads. These coeffi- 
cients differ from the corresponding ones for concentrated loads 
on account of the fact that the influence lines are curved rather 
than straight between load points. It will be suffidently ac- 
curate to asBume that the two lands of coefficients are equal 
except in the case of the coefficient for the mcoient piodnoed 
fay a load at the point where it acts, and in the case of the coef- 
ficients for the moment at the sinringing. For the fotmer, the 
value used should be the average ordinate of the portioii of the 
influence line extending from tiie point in question halfway to 
the load point on either side; and for the latter, it will be suffi- 
cient to use the coefficients for concentrated loads throughout, 
and then increase the negative moment by the prodiK t of the 
ptirtion of thf load extending from the springing hallway to tlu- 
next load point into the jiverage ordinate of this same jK)rtion of 
the influence line. Table 37^ should be extended to include the 
moment coefficients for unifonn loads when necessary. 

12. Form the summations of the positive momentii and the negative 

moments, and the algebraic sum of these two sums, for each 
section which may need testing. 

13. Figure, for dead load, the values of IIo, Vo, and Mo, and also the 

values of V and M for each i)oint which may need testing. TTie 
unit loads given in Table 37h arc to be used for this purpose. 
Record the results as shown in Tables 37i and d7j, leaving 
a space in the second table for writing in the values of T and 
8 for such sections as it is later found necessaiy to test 

14. Figure the live load concentrations, and then compote the nuud- 

mum positive and negative live load moments at each aeetian 
'vduch may need testing, using the unit loads given in Tkble 
if the concentrations are unequal, and the summations given 
in this same table if the concentrations are all equal. Record 
the results jis shown in Tables S7k and 37/, lea\ing space for 
writing in the values of H and T for such sectiona as it is later 
found necessary to test. 

15. Calculate Ha and Ma from the equations obtained under Item 6. 

assuming the arch to be loaded wMth deiui load and one-hah' 
live load over its entire length. ;md th^n compiite the moments 
due to arch shorteiung at each section which may i\ve<\ testing, 
using for this purpose Equation 208. Record the results as 
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fllMfwii in Table d7m, leftving space for writing in afterward the 
valuflB of T and S for such sections as it may later be found 
necQBOoiy to test. 

16. Galculate the moments eaused by temperature ehanges at eaeh 

section which may need testing, using Equation 214 and the 

values of Hf found under Item 7. Record the results as shown 
in Tables 37/i and 37o, leaving space for wiiliiifc in the values 
of T and S for such sections as it may later be found necessary 

to t(»st. 

17. Tabulate the maximum positive and negative moments at each 

section which may noed testing;, as sho\\Ti in Tabic 37/;, and form 
the sununatiuns tlK-rrof both with and ^^nthout considrrinK the 
effects of temperature changes. Leiive space for writing m the 
values of T for such sections as it is later found necessary' to test. 

18. By an examination of the summations of the moments just found, 

determine which sections must be trstofl. 

19. Figure the dead load thrusts at the critical sections just selected 

by means of Equation 201 or Equation 202, and record the 
results in Tables d7j and Z7p, 

20. Figure the values of H and F at the critical sections due to live 

loads placed in position to produce the maariminn moments, 
usii\g the values for unit loads given in TVible 37^. Note the 
values in Tables 37jb and 37^, figiue the conesponding values 
of 7* by means of Equation 201 or 202, and record the results 
in Tables 37ik, 37^, and 37p. 

21. Figure* the values of T at the various rritiral sections due to arch 

shortening, using Equation 209, and record the results in Tables 
37 w and 37p 

22. Figure the values of T at the various critical sections d\u^ to tem- 

perature changes, using liquation 215, and record the results in 
Tables 37n, 37o, and 37/>. 

23. Calculate the maximum unit stresses on the concrete and steel at 

the various critical sections, both with and without considering 
the effects of tmpefature. 

24. If necessary, figure the tlirusts at additional sections, and figure 

the unit stresses at these sections. 
26. Revise the reinforcement to suit the figured stressesy if this be 
rei|mred. It should rarely be necessary to change the sections 
of the concrete assumed. If, however, it should be found that 
the sections at first adopted were decidedly inconrect, the entire 
calculation mi\y have to be done afresh. Generally, however, 
the approximate formuhe, employed in connection with the de- 
sign already made, will enable one to effect, the revision properly 
without repeating the complete design; for the amount that the 
approximate formulae are in error can eaiiiiy Uj determined. 
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26. Figure the mairiinmn shear at the crown, ^liiioh is equal to 

For the dead load this can be taken from Table 37j, and for the 
live load it can be determined by means of Table 37A. The 
maximum tmit shear at the crown will usually be at least almost 

as large as that at any other section, unless the rib fails to 
follow the theoretic curve; so that from the unit shear at this 
point it is possible to tell whether or not it is necossarj^ to figure 
for shear at other sections. If it be found advisiible to make 
calculations for other section^s, the dead-load shears are to be 
figured by the coefficients given in Table 37A (or by simply 
summing the loads between the crown and the point in ques- 
tion, if the arch be symmetrical) and Equation 203 or Equa- 
tion 2(H. These results should be recorded in Table 37j, if the 
sections being tested are given therein. The position of the 
live load for maximum shear can be determined from Table 
V 

27hf the ration; being less than tan a for loads producing shear ' 
**• 

m one direction and greater than tan a for loads prodncing 
shear in the other direction. The values of the live-load ahean 
are to be figured by Table 87A and Equation 208 or Eqaatkm 
204. The shears from arch shortening are to be figured bgr 
Equation 210 or Equation 211, and recorded in Table STm, if 
the sections being tested appear therein. The shears due to 
temperature changis are to be computed by Equation 216 or 
Equation 217, and the results recorded in Tables 37n and 37o, 
if there happens to be space therein. The total sheare are then ^ 
figured, l)oth with and without considering the effect of tern- ' 
pcrature changes, and the unit shears are computed. If luad- 
inp; which is really distributed has been assim:ied concentrate<l 
at certain points for ealeulation purposes, this fact should be 
considered in computing the shears at various sections. 
Whea choosing the value of JV, under Item 2 above, it will be found 
most convenient to make it equal to twice the number of divisions of the 
half rib to be used in performing the integrations. For instance, if ii | 
were desired to divide each half of the rib into 10 parts, and iV« were 
made 10. the values of AT at the centres of the various s ections would be 
Ht "^Ht ^Hf ^9 while by making equal to 20, the said vahiea of 
Nlaeosme I, 8, 6, etc. 

In figuring the weif^t IF of the arch rib concentrated at my load 
point under Item 3, there can be employed the formulai 

IF - 160X5 X^ (Ai 80001 + 4^8B0<« + Ai8ec<«), lEq. 2181 

in which V is the distance between load points, /la ami sec the values 
of h and sec a at the said load point, and hi, sec ai, ht, and sec og, their 
values at the adjacent load points. 
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Under Ttom 3, when drawing the figure similar to Fig. 37n, it will 
frequently be found necessary to plot two or three trial parabolas before 
deciding whether the value assumed for u is siitisfaetory. For instance, 
if in drawing the paralx)la in i'ig. '67 ii it had been assumed that = 90,- 
900| we should have found P, = 1.6 X 90,900 ^ 145,400, and the result- 
ing parabola would have fallen entirely below the cwrve for the actual 
loads. This would apparently have indicated that the value of u would 
have to be changed; but by drawing other parabolas with Pq = Q0,000| 
89fi00, and 88,000, and tt — 1.6 ift eaeh caae, it would have been seen 
that the value 1.6 was aatisfactoiy. 

Hie magnitude of the dead-load nunnentB produeed by a lack of agree- 
ment between the paiabda and the aotual load Ime can be judged from 
37n. For instance, in the problem ilhistrated the load Po is 2,500 
pounds greater than the ordinate to the parabola, and the load Pn is 
about 1,000 pounds less than the ordinate to the said parabola; while 
the loads at the other points are about the same as the ordinates thereto. 
By turning to Fig. 37;}', the curves of which arc similar to those for any 
other arch, it will be seen that the addition of load at Point 0 and the 
reduction of load at Point 12 \\'ill increase the positive moment near the 
crown and the negative moment near Point 12. The approximate values 
of these variations for anj^ particular rib can be computed by assuming 
that the moment coefficients for the Svaid rib arc vq\m\ to those in Fig. 
37;}', multiplicni by thi! ratio of the span length of the rib under con- 
sideration to 93.3 — the span length of the rib illustrated. Ordinarily, the 
values of the moments due to this cause will be inappreciable. Should 
it appear Ukely in any particular rib that the difference will be important 
at any section, this section should be investigated. 

When figuring the values of H^, V«, and Af« for unit loads under 
Item 10, it is to be noted that if 'i and the summations in which it ap- 
pears are seto for a load on the ri|^t half of the rib, and that M% and 
the summations in i^ch it tappwa are leio for a load on the left half 
oftfaerib. 

Under Item 10 it is advisable to be able to determine correctly the 
secUfms whidi need testing, in order to avoid a large waste of time. 

These critical sections can usually be determined from the prelimmary de- 
sign. For a fiat arch, figuring scctioiLs at the cro\vn and springing will 
huiiielimes be sufficient. It will usually be advisable, however, to test 
the section at a point or two in the haunch near the crown; for even if 
it is quite certain that the stresses there are not so high as those at the 
crown, it is desirable to know whether all of the reinforcement usi^d at 
the crown is needed in the haunch. It will probably likewise ho m cos- 
sarj' to consider a point near the springing, in order to determine where 
a portion of the heavy reinforcement required at the said springing may 
be stopped off. The approximate metliods previously given will generally 
abow whether the figuring of these additional sections is advisable. For 
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an arch of high riso, it will bo n(H'('s,sary to test sections at several pr)iuts, 
as high stresses are certain to exist throughout the rib. The approximate 
method will be found of value in locating those critical sections. In gen- 
eral, sections near the crown should be located at load points, where 
there is an excess of positive moments both from the concentration of 
load and from arch shortening; sections in the haimches should be taken 
at load points, where there is an escess of positive moments from the 
concentration of bad, and little stresB from arch shortening; and sectioos 
near the springing should be taken dsewheie than at load points, in onkr 
that the ezcess of neigative moment due to arch diorteniilg may not be 
partially overcome by the excess of poeitiye moment due to conbentratioo 
of load. As previoudy mentioned, it may be necessary to figure oertam 
sections because of irregularities hi the loading; and if the centre fine 
of the rib is not laid out to follow the funicular polygon of the loads, 
the testing of additional sections will frequently be necessary. 

In the exainple illustrated, moment coefficients have been det-eniiiiu-ii 
for a great many unnecessary points, in order that they may be used 
for reference. 

In figuring the dead-load moments at the load jx)ints of an op«'n- 
spandrcl arch (under Item 13), allowance should be made for the fad 
that the weight of tlie arch rib its<'lf is not concentrated. This caii 1 
done most easily by first figuring the moment jus though the entire load 
were concentrated, and then subtracting (algebraically) from the result 
the product of the weight of the portion of the rib which is asBumed to 
be concentrated at the load point in question by the approximate difTer- 
ence between the coefficients for concentrated and uniform loads, fomid 
as explained under Item 11. A similar correction is to be made in the 
moment at the springmg, tiie mommt figured as for concentrated loacb 
bemg reduced (algebraically) by the product of the weight of the portioB 
of the rib extoiding from the said sprini^ half-way to the next load 
point into the aycrage ordinate of the influence line for thb same portioa. 

When figuring the dead-load values of V under Item 13 for a flynunel- 
rical arch, it should be noted that the value thereof at any pmnt is merely 
the sum of the loads between the crown and the point in question. . 

Under Items 14 and 20, the conditions of live loading used should 
strictly he tho.se proilucing maxiiiiuiu compression in the toj) ami liottum 
fibres at the various sections, rather than those giving niaxiiimui jK»sitiv«^ 
and negative moments at tho said sections. However, in many instunc^> 
the two conditions of loading are identical, and the rult' as piven will 
rarclv lead to errors of ccmsequence. For exact results in any cjise. there 
should 1m' loaded not only the load points which cause moment of «^iie 
sign, but also those producing moment in the opposite^ direction for \vhich 
the eccentricity of thrust (found Ijy dividing M by see at) is leaa than 
one-sixth of the thickness of the s(*etion. 

Under Item 15, it is stated that the arch ahortening otro B OCB aie to 
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1)0 figuied for dead load plus half of live load ovtr the entire span. Tliis 
crivos fair average values, and obviates the larpe amount of work wliich 
would he necessary if calculations were made for every couditiou oi load- 
ing used. The error involved is negligil)Ie. 

Under Item 16 it is noted that the moments due to temperature changes 
are to be computed at all sections which may need testing. For arches 
of oonaiderable rise, it will be well to figure at first the moments at the 
crown and springing only. The summaries of the moments at the crown 
and springing are then made up (Item 17), after which it can be told 
whether the temperature stresses at other sections need to be figured. 
The preiimimuy deaiga will usually imlioate whether the effects of tem- 
perature ehanges need to be considered. The calculations called for under 
Item 22 willy of course, be omitted if it is found that temperature B t ro s so s 
will not affect the desiga. 

Under Item 17 it is unnecessaiy, in the case of flat arches, to form the 
summationsL in which the effect oif temperature is not considered, as the 
temperature st r e s ses are certain to affect the sections. 

In order to illustrate the method of design outlined above, there will 
now be given the complete calculatitjus for the arch rib which has pre- 
viously been designctl in this chapter by the approximate method. The 
cotuputations for this rib were made in the author's office before the ap- 
prnxiinatc forinuliT for design had been worked out, which explains why 
tilt form of rib lussunicHi is uut that which was shown by the preliminaiy 
design to l>e the Ix'st. 

The approximate design of this rib assumed that its centre hne would 
be laid out to suit dead plus half live load. If it had been laid out to 
suit the dead load only, the positive live-load moment at the crown would 
have Ix^en 0.0048 tvP rather than 0.004:^ the moments at the haunch 
point would have changed but little, and the negative live-load moment 
at the springing would have been 0.0204 loP instead of 0.0226 wP. 
The sections at the crown and sprinijing will now be tested, assuming 
the centre line of the rib to be laid out for dead load only, and that the 
thickness Tsries in accordance with Equation 178. Hie figures when 
tem]>erature change is not considered will not be given. 
Section d crotMi. 
Thrust— as before + 327,000 Iba. 



Moment 

As before 



+ 203,000 ft.-lbs. 
-h 9,000 " 



Add (0.0048 - 0.0043) 2,120 X 93.3- 
Total 



. . + 272, (KX) ft.-lbs. 
or +3,2(K),000 in.-lbs. 



c... 3,260,000 + 327,000 

Dimeosians hxb 

h 



10.0" 

24" X62" - 1248 8q.tiL 



4 
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. 3,2(>Q.(XX) 
^'^^ 52X24^X780 



0.1 



•<r 2^ 

h ■ 24 

p per face (Fig. 37g) 0.02% 

This is aatisfactoiy. 
Section at spnnffing. 

Thrust— as before + 446,000 Ibo. 

Moment 

AflbeCofe — 007,000 fl4bi. 

Deduet (0.0226 - 0.0204)2120 X 08.^ 40,000 " 

Total - 057,000 ft.^ 

or - 11,500,000 iii.-lhs. 

e. . . .11,500,000 ^ 4-16,000 25.8" 

Dimensions hXb Wi X 52''- = 2290 sq. in. 

^- 1.7 

e 

9% ' ^ ^ ,500}000 _ ^ _ 
" 52 X44^X780 

p per face (Fig. 37«) 0.56 % 

This 18 satisfactory. 

Evidently iii this ca.so it makes Utile difference whether the rib is laid 
out for dead load or for dead load plus half live load. Since the line of 
pressure passes outside of the springing section in either ca55e, it will be 
best to re<hi('o tho momont at this jxiiut as much as possible. The rib will 
therefore be laid out for dead load only. 

We shall assume the foUowing values o[r,l,b,h^ and A.: 



r — 


18.5', 


l- 


93.3', 


5- 


4' 6'' 



4' 4'' for figuring wdgjitB (aUowing for paneling), 
4' 5" for figuring moment of inertia (aUowing for pai 
i^.2'0''»24^ 

A, " 3' 7.7" - 43.7", the theoretic springing being taken 

tanoe inside of the abutment, and the thidmeai at the face 

of the abutment being made 3' 6". 

The floor-system of this arch will be coiLsidered to be dividecl into 10 
panels each 9.33' long, and to consist of a slab resting on cantilcvrr l>i :i:n~ 
and cross-girders, which are carried on spandrel columns resting on me 
arch ribs. It will be a.s.siimed tliat this portion of the structure has alreadly 
been designed, so that the dead load there<)f ran l>e readily calculated. 

The values of and p« will first be figured, for dead load only. 
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HandiailB, 

2 XiaOlbB. _ 360 lbs. per Im. ft 

Fascia, 

2 X 1.7' X 2' X 150 IbB. 1,020 " 

Slab, 

30' X 0.S3' X 150 lbs. 3,750 " " 

Cantilever Warns, • 

2 X 3^(1.0'+ 2.4') X 5.4' 9.33' X 150 lbs. 300 " 
Cross-girders, 

17' X I' X 3.5' H- 9.33' X 150 lbs. 900 " 

» 

Spandrel columns, 

2 X 3' X 1^' X 3' -i- 9.33' X 130 lbs. 360 " " 

Arch ribs, 

2X2'X4^' X 160 lbs. 2 r,m 



ti if 



Total 9,350 Iba. per lin. ft 

Pt (Tlu'oretic). 

Haiulrails, fascia, and cantilever beams, 

360 + 1020 4-300 1,680 per lin. ft 

Slab, 

30' X 0.86' X 150 lbs. 3,870 " " 

Cross-girders, 

17' X 1' X 3.1' + 9.33' X ISOlbfl. 850 " « 

Spandrel columns, • • 

2 X 3'X 1.26' X 20' 9.33'.. X 160 lbs. 2,420 " « 
Arch ribs, 

2 X 3.64' X 4.33' X 1.3 X 150 lbs. 6,160 " 

Total 14,960 per lin. ft 

14^ 
• • ^ 9,350 

The horizontal projection of one-half of the rib will now be divided 
into twenty equal parts, the point at the crown being numlx^rcd 0, and 
the one at the springing, 20. The loads will be considered to Im^ concen- 
trated at the spandrel columns, which are located at points 0, 4, 8, 12, 
and 16. For performing the approximate integrations, ten divisions will 
be nsod, the oentres of tiiese divisions being at the pohits launbered 
1, 3, 5, 7, 9, 11, 13, 15, 17, and 19. 

dy 

The equations for y, ^ and h are now to be written out, using the 

fonns given in Equations 176, 177, and 180, since A'« i quals 20. We 
then have: 

18.6 fZN* . 0.6 N* \ 

■ "-(Te+s) (200+ loxn?) - »-«*2«>5Ar' + 0.1051 15;. 
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tan « 0.865, 
sec 0 s 1.322, 

and A - 24" + 322 — " ^-^^^ 

The dead-load concentrations at the various load points are next to be 
figured. As the first step, Table 37a is worked out. The values of the 

TABLE 37a 

Data fob Figuring Dead-Load Concbntratioiib 



N 


9 




dy/dx 


MC a 


h 


h sec a 
ixidiei 


h aec a, 
foat 


0 


O-.OO' 


0.00' 


0.000 


1.000 


24.00" 


24.0" 


2.00' 


4 


9.33' 


0.68' 


0.145 


1 oil 


27.02" 


27.4" 


2.28' 


8 


IS. 07' 


2.73' 


0.21)8 


1 . 0-13 


30 22" 


31.5" 


2.63' 


12 


28 . (X)' 


6.28' 


0.464 


1 . 102 


33 . 86" 


37.3" 


3.11' 


16 


37.33' 


11.46' 


0.650 


1.193 


38.22" 


45.6" 




20 


46.67' 


18.fi<K 


0.865 


1.322 


43.70" 


67.8" 


4.82^ 



various loads are then computed and recorded as follows: 
Dead-Load Concentrations. 



Point 0. 

• 

Handrails and fascia, 

1380 X 9.33' 12,900 lbs. 

Slab, 

3760 X 9.33' 35,000 " 

Cantilever beams, 

2 X >2(1.1' + 2.6') X 5.0' X 150 2,800 " 

Cross-girders, 

15.5' X 4.9' X 1' X 150 11,400 " 

Spandrel eolumiLs, 

2 X :i' X 1.25' X 3' X 150 3,400 " 

Arch ribs, 

2 X 0.33' X 4.33' (4 X 2.00' + 2 X 2.28') >^ X 

150 2.'S.400 

Total 90,900 Tbs. 

or 45,500 lbs. per rib. 

PctrU 4* 

Handrails, fascia, slab, and cantilever beams, 

12,900 + 35,000 + 2,800 50,700 lbs. 

Cross-girders, 

10' X 3.3' X 1' X 150 7,900 *' 
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Spandrel oolumnB, 

2 X 3' X 1^' X 3.6' X 160 4,000 Ibe. 

Aich ribs, 

2 X 9.33' X 4.33'(2.00^ + 4 X 2.28' + 2.63') 

HX 150 27,900 " 

Total •. 90,500 lbs. 

or 45,300 lbs. per rib. 

Poinl 8. 

Handrails, fa.scia, slab, cantilever beams, and 

croas-ginhTs, 50,700 -|- 7,900 58,600 lbs. 

Spandrel columns, 

2 X 3' X 1.25' X 6.3' X 150 6,000 " 

Arch ribs, 

2 X 9.33' X 4.33' (2.28' 4- 4 X 2.63'H- S.!!*) 

H X 160 32,300 " 

Total 96,900 lbs. 

or 48,500 lbs. per rib. 

Pcyint 12. 

Handrails, fascia, slab, cantilever beams, and 

cross-pprdcrs 58,600 lbs. 

Spain lr('l columns, 

2 X r X 1.25' X 8.5' X 150 9,600 '* 

Arch ribs, 

2 X 9.33' X 4.33' (2.63' + 4 X 3.11' + 3.80) 

H X 150 38,300 

Total 106,600 lbs. 

or 63,300 lbs. per rib. 

Pmnt IB, 

Handrails, fascia, cantUever beams, and cro8&- 

girdcTS, 12,900 + 2,800 + 7,900 23,600 lbs. 

Slab,30(0.83' X 5.17' -f- 0.92' X 4.17') X 150 . 36,300 " 
Spandrel cols., 2 X 3' X 1.25' X 13.3' X 150. 14,900 " ' 
Arch ribs, 2 X 9.33' X 4.33' (3.11' + 4 X 3.80' 

-f- 4.81') H X 150 1(>,S()0_^ 

121,()(K) Wm, 
or 60,800 lbs. per rib. 

Point 20 {theoretic). 
Handrails, fascia, slab, cantilever beams, and 

cross-girders, 23,600 + 36,300 69,900 lbs. 

Spandrel cols., 2 X 3' X 1.26' X 19.6' X 160. . 22,100 " 
Arch ribs, 2 X 9.33' X 4.33' X 4.88' (average) 

X150 69,300 " 

• '* ' 141,300 lbs. 

or 70,700 lbs. per rib. 
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The half-Span of the arch ia now drawn to any desired scale (see FSg. 
STtOf the positions of the load points marked thereon, and the load at 
each point laid out to any convenient scale. The value of u previously 



assumed was 1.6. If P« is 141»300| P« should evidently be 



141,800 
1.6 ' 



or 



88,400. A parabola is now drawn through the poinia P« «> 88,400 and P« 




YiQ, 37u. Plot of Loads on Arch Ra>. 



141,300. The ordinates to this parabola are found to coincide so closely 
with the computed loads at the various points that no change in the 
value of tt is required. 

We now proceed to fill out Table 376. The column headed A— 2d' 
gives the distances between the top and bottom steel, which is assumed 
to lie %Yi' from each face of the rib. The area of the steel in each face 
will be assumed as 0.5 per cent of the area of the concrete at the crown 
from Point 0 to Point 16, and as 0.5 per cent of the area of the concrete 
at th«^ r<lK(» of tlio abutiiiont for the remainder of the rib. The values of A 
and / will In ( ()tn])uted by the following formulte: 

Points 0 to 10, 

A = 4.42 ;i + 2 X 4.42 (» - 1) X 0.01 

- 4.42/1 + 1.24 
, 4.42 /i» , 1. 24 - 2dO« 

^*~12^+ i 
= 0.368 A« + 0.31 - 2(0*. 

Pdnts 17 to 20, 

A » 4.42ft + 3.5 X 4.42 (n - 1) X 0.01 
» 4.42 ft + 2.17 

/ - 0.3G8 /t' + CM (;i - 2d'Y, 
Table 37c is next filled out. The quantity ds is equal to 4.G7 isec a. 

A check on the values of ^j-, ^-j—, —j-, and -j— can be obtained by first 
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figuiing -J— and by multiplying and ^ by y and respectively, 

and then computing them by multiplying y by and y*. 

TABLE 376 
DniENBiONS, Arbas, and Moments op In^ertia 



N 


a 


9 









4-2<r 
indiM 


k 

fMfc 


— ■ 
feet 


0 


- 

0.00 


0 0() 


0 (XX) 


1 000 


24.0 


19.0 


2.00 


I , r>8 


1 


2.33 


0.04 


0.030 


1.001 


24.8 


19.8 


2.06 


1.55 


3 


7.00 


0.38 


0.109 


1.006 


26.3 


21.3 


2.19 


1.78 


5 


11.67 


1.0(5 


0.1H3 


1.017 


27.8 


22.8 


2.32 


1.90 


7 


16.33 


2.09 


0.259 


i.(m 


29.4 


24.4 


2.45 


2.03 


9 


21.00 


3.48 


0.338 


1 .0.7(> 


31.1 


26.1 


2.59 


2 17 


11 


25 67 


5.24 


0.420 


1 0H5 


32.9 


27.9 


2 . 74 


2 33 


13 


30.33 


7.41 


0.508 


1.122 


34.9 


20 9 


2.91 


2 49 


15 


35.00 


9.99 


0.601 


1 .1()7 


37 . 1 


32.1 


3.09 


2.67 


17 


39.67 


13.03 


0.701 


1.221 


39 5 


34.5 


3.29 


2.88 


19 


44.33 


16 FtF) 


0 SOS 


1.286 


42 2 


37 2 


3.52 


3.10 


20 


46.67 


18.50 


0.865 


1.3*22 


43.7 


:is.7 


3.64 


3.22 



N 






A 


/mm, 




/ 


0 


8.84 


1.24 


10.08 


2.94 


0.78 


3.72 


1 


9.11 


1.24 


10 35 


3.23 


0.84 


4 07 


3 


9.69 


1.24 


10.93 


3.85 


0.97 


4.82 


5 


10.26 


1.24 


11.50 


4.57 


1.12 


5.60 


7 


10.84 


1.24 


12.08 


5.40 


1.28 


6.68 




11.46 


1.24 


12.70 


6.40 


1.47 


7.87 


u 


12.12 


1.24 


13.36 


7.60 


1.68 


9.28 


13 


12.88 


1.24 


14.12 


9.05 


1 02 


10.97 


15 


i:^ JiS 


1 .24 


14 V> -2 


10.85 


2.22 


13.07 


17 


14.56 


2.17 


16.73 


13.13 


4.46 


17.59 


19 


15,SS 


2.17 


17.75 


16.05 


5.20 


21.25 


20 


16.11 


2.17 


18.28 


17.78 


5.61 


23.39 



TABLE 37c 

w. . (h y (h y^dn X da sl'ds sec ads 

Values of ds, y, -j-, —j-, and — — . 



N 


* 


I 


y da 

T 


I 


~r 


/ 


Bpc a da 
A 


1 


4.67 


1.147 


0.05 


0.0 


2.68 


6 


0.452 


3 


4.69 


0.972 


0.37 


0 1 


6.80 




o,4:u 


5 


4.75 


0.834 


0.88 


0.9 


9.73 


114 


0.420 


7 


8.82 


0.722 


1.51 


3.2 


11.81 


193 


0.413 


9 


4.03 


0.626 


2.18 


7.6 


13.15 


276 


0.410 


11 


5 . 06 


0.545 


2.86 


15.0 


14.01 


360 


0 411 


13 


5 . 24 


0.477 


3.54 


26.2 


14.48 


439 


0.417 


15 


.')}.-) 


0.417 


4.17 


41.7 


14.61 


511 


0.426 


17 


5 70 


0.324 


4.22 


55.1 


12.86 


511 


0.417 


19 


6.00 


0.282 


4.66 


77.1 


12.61 


555 


0.434 


2 


51.31 


6.346 


24.44 


226.9 


112.64 


3013 


4.231 
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The values of //„, Vq, iind Mo, in Utiils of tiie (]u;uitities *i M ^<h/I, 
2 M'y ds/l, and Z M'x ds/ 1, are next found ad folluwb: 

6.346 Z M'lj (Is /I - 24.44 2 M'ds/l 

• " 2 (24.44? - e.846 X 226.9) 

^ - 6.346 a Af // r/.s// -h 24.44 S ^^A/l 

2X842.6 

- - 0.003766 S JIf 'j/ + 0.01450 S M'ds/L 

• 2X6.a46 • ' 

- + 0.01450 2 M'y ds/l - 0.1346 2 M'lfc/^. 

The values of //« in terms of //„, tliat of and that of in tmna 
of Ha and arc next computed thus: 

H.~ 4.231 X 6^ g. 

• 1.322 X 842.0 + 4.231 X 0.346 1141 ^ 

«' - ^ = 

Ma" - 8.851 Ha - O.0009£r«. 

The values of Ha and 2/0 check very well with tho0e obtained by the 

appruxiiiiak! method, as can be seen by comparison. 

The values oi Hg and Mt for a 50° fail of temperature are: 

^ 288,000,000 X 0.000,006 X 5 0 X 93.3 X 6.346 X 1.322 

• " ^ 2 X 1141 

« - 29,700 lbs. 

Mt = 29,700 X 3.851 = + 114,000 ft.-lbs. 
The values of Ht and Mt for a 30** rise of temperature are: 
Ht = 29,700 X I » + 17,800 lbs. 
Afi - 114,000 X f » - 68,000 ft-Ibs. 

The values of J7| and Mf also check doeely with those obtained by the 1^ 
pimhnate fonnuls. 

M'dt WydM M'xds 
The values of M\ — — j — , and — for unit loads at each 

of the load points are now figured, and the results raeorded hi Tabks 

37r/, 37c, 37/, and 37^; and the summations are found for the three latter 

quantities. 

The values of Z/^, Vo, and Mg for unit loads at each load point are no^" 
figured by meaiLs of the equations dctennined previously, and the result? 
recorded in Table Slh, The load at the crown is treated as being on the 
right half of the rib. 
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TABLE 37<i 
Values or A/' fob Unit Loads 



N 


Point Loaobo 


0 


4 


• 


18 


18 


1 

3 
5 
7 
9 
11 
13 
15 
17 
19 


- 2.33 

- 7.00 
-11.67 
-16.3:} 
-21.00 
-25.67 
-30.33 
-35.00 
-39.67 
-44.33 






• ••«■■■ 

• •••••• 

-*2!33 
- 7.00 
-11.67 
-16.33 










- 2.33 

- 7 .00 
-11.67 
-16.33 
-21.00 
-25.67 
-30.33 
-36.00 


- 2;33 

- 7.00 

-11.07 
-16.33 
-21.00 
-26.67 


-2.33 
-7.00 


TABLE 37e 
Values of ^-j^- fob Unit Loads 


N 


Point LoAnEn 


0 


4 


8 


12 


16 


1 
3 
5 
7 
9 
11 
13 
15 
17 
19 


- 2.68 

- 6 .80 

- 9.73 
-11.81 

-13.15 
-14.01 
-14.48 
-14 61 
-12.86 
-12.51 


















- 1.96 

- 5.06 

- 7 .30 

- 8.91 
-10 03 
-10.71 

- 9.83 

- 9.87 


- 1.46 

- 3.82 

- 6 .57 

- 6.81 

- 6.81 

- 7 .24 


- 1.11 

- 2.92 

- 3 .78 

- 4.61 


-0.76 
- 1 . 97 


Z 


-112.64 


-63.65 


-31.71 


-12.42 


-2.73 


TABLE 37/ 

Values of ^ jf — for Unit Loads 


V 


Point Loaobd 


0 


4 


8 


18 


16 


1 

5 
7 
9 
11 
13 
15 
17 
19 


- 0.1 

- 2.6 

- 10.8 

- 24.7 

- 45.8 

- 73 .4 
-107.4 
-146.0 
-167.6 
-206.9 


• 

- 2.1 

- 10.0 

- 25.4 

- 46 .7 

- 74 3 
-107.0 
-128.0 
-168.2 


- 5.1 

- 20 .0 

- 41.3 

- as. 2 

- 88.6 
-119.7 


- 8.2 

- 29.2 

- 49.2 

- 76.2 


-32.6 


Z 


-784.7 


-657.3 


-342.9 


-162.8 


- 42.6 
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TABLE 37tf 
M' X ds 

Values of — ; — fob Unit Loads 



N 


PdlKT IrOADID 


0 


4 


8 




16 


1 

3 
o 
7 
9 
11 
13 
15 
17 
19 


- 6 

- 48 

- 114 

- 193 

- 276 

- 360 

- 430 

- 511 

- 511 

- 555 








-30 
- 87 


- 23 

- 83 

- 153 

- 229 

- 304 

- 375 

- 390 

- 438 














- 31 

- 98 

- 169 

- 239 

- 270 

- 321 


- 34 
-102 
-150 
-204 


2 


-3013 


-1095 


-1128 


-490 


-117 



TABLE 37& 

Valitxs of H, V, AND M AT Various Rkctioxs ix the T.eft Half of Rib, 

FOR I'mt Loads at K.wii Ix)ai> Point 

(Load at crown treated as being on right half of rib.) 







Cbown 






PomT 1 


PWNT S 


Point 




















Ho 


r. 


Mo 


Vi 


Ml 




Mi 


lOL 


+0.120 


-O.Ol!) 


-0 




-0 019 


-0. IS 


-0.019 


-0 0."> 


12L 


+0.434 


-O.OSl 


-0 


i\% 


-0 <)81 


-0.4.S 


-0 (Bl 


+0 (>4 


8L 


-f-0..S31 


-0, 1S7 


-0 


70 


~0. Is7 


"0.23 


-0. 1S7 


+0.iW 


4L 


+ 1.175 


-0.331 


^ 0 


Y.\ 


"0.331 


+ 1.31 


-0.331 


+3.24» 


0 1 


+ 1.322 


+0.500 


+:{ 


711 


+0.500 


+2.67 


+0.500 


+0.79 


4R 


+ 1. 17.J 


+o.;^;u 


+0 


AW 


+0.331 


-0.21 


+0.331 


-1.3S 


m 


+o.s:{i 


+ 0. 1.S7 


-0 


70 


+0. 1S7 


-1. 10 


+ 0. 1S7 


-1.70 


1211 


+0.431 


+0.0^1 


1 


0<J 


+0.0:51 


-O.bO 


+o.asi 


-1.09 


16R 


+0.120 


+0.019 


1 -0- 


23 


+0.019 


-0.27 


+0.019 


-0.82 


2 Positive M 






+4, 


77 




+3.98 




+5.02 


SNegfttive^f 






-3< 


24 




-3.36 




-4.54 


6.442 




+1. 


53 




+0.62 




fO.48 









Point 
Lmdad 


PomT 4 


Point S 


Point 7 


PWNT S 


Vi. 


Ua 


y» 


Ms 


Vi 


Mr 






lOL 
12L 
BL 
4L 
0 

4R 
8R 
12R 
16R 


-0.010 
-0 OSl 
-0. 1S7 
+0.009 
+0.500 

+o.a3i 

+0.1S7 
+0.081 
+0.019 


+0.O3 
+0..3() 
+ 1.G2 
+4.38 
+0.02 
-ISO 
-1.89 
-1.15 
-0.32 


-0.019 
-0 OSl 
-0 1S7 
+0.t)«)9 
+0.500 
+0.331 
+0, 1S7 
+0.081 
+0.019 


+0.12 
+0.72 
+2 37 
+3.27 
-0.64 
-2.13 
-2.00 
-1.17 
-0.33 


-0.019 
-O.OSl 
-0.1S7 
+0.009 
+0.500 
+0.331 
+0. 1S7 
+0.081 
+0.019 


+ 0.33 
+ 1.54 
+4.10 
+ 1.3() 
-1.61 
-2.40 
-2.02 
-1.11 
-0.29 


-0.019 
-0.081 

f-0.813 
+0.009 
+0.500 

f 0 331 
+0. 1H7 
+0.081 
+0.019 


+0.46 
+2.01 

+r> 07 

+0.55 
-1.93 
-2.48 
-1.93 
-1.02 
-0.25 


Z Vm. M 
2Af 




+6.41 
-5.10 
+1.2S 




+6.48 
-0.27 
+0.21 


• • • p • 


+7.33 
-7.49 
-0.16 




+8.09 
-7.61 
+0.48 
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TABLE 37A (Coniinved) 





Pmmt • 


1 Point 11 


1 Point is 


' POIMT 15 


V, 


Afi 


Vii 


Afn 




Mil 


1 


if IS 


16L 
12L 
8L 
4L 
0 

4R 

811 
lot) 

16R 


~U . Ulif 

-0.081 
+0.81.'? 
+0.669 
+0.500 
+0.331 
+0.187 
+0.081 
+0.019 


+2.52 

+3.79 
-0.13 
-2.10 
-2.38 
-1.74 
-0.88 
-0.21 


-0.061 

+0.813 
+0.669 
+0.500 
+0.331 
+ 0.1S7 
+0.081 
+0.019 


"t^U . OS/ 

+3.66 

' +1.46 
-1.18 
-2.11 
-1.86 
-1.1.5 
-0.50 
-0.00 


n niQ 

— U.XJLH 

+0.919 

+0 S13 
+0,669 
+0.500 
+0.331 
+0. 1S7 
+0.081 
+0.019 


1 1 OA 

+2.64 

-0.53 
-1.75 
-1.67 
-0.85 
-0 22 
+0.06 
+0.08 


— u. uiy 
+0.919 

+0.813 
+0 669 
+0.500 
+0.331 
+0.187 
+0.081 
+0.019 


+1.63 
-0.53 

-2.17 
-1.84 
-0.49 
+0.64 

+1 a5 

+0.60 
+0.30 

+4.42 
-6.08 
-0.61 


2 Foe. 3/ 
2 Jv 




+6.90 
-7.44 
-0.54 




+6.01 
-6.89 
-0.88 




+4.02 
-4.92 
-0.90 





























LomM 


Point 17 | Point 19 


1 Point 20 


v» 




Vi. 




VlQ 


Urn 


16L 

12L 
8L 
4L 

0 

4R 
8R 
12R 
16R 


+0.981 
+0.919 
+0.813 
+0.660 
+0.500 
+0.331 
+0.187 
+0 081 
+0.019 


- 0.25 

- 3.49 

- 3.44 

- 1.39 
+ 1.20 
+ 2.67 
+ 2.70 
+ 1.75 
+ 0.58 


+0.981 
+0.919 
+0.813 
+0.669 

+0.500 
+0.331 
+0.187 
+0 OS] 
+0.019 


- 4.40 

- 6 .25 

- 4.32 

- 0.38 
+ 3.51 
+ 5.26 
+ 4.76 
+ 2.90 
+ 0.91 


+0.9S1 
+0.919 
+0.813 
+0.669 

+0 .500 

+o.3;u 

+0.1S7 
+0.081 
+0.019 


- 6.46 { 

- 7.54 

- 4.59 
+ 0.86 

+ 4.92 
+ 6.78 
+ 5.94 ; 
+ 3.56 
+ 1.10 


S Pos. M 
ZNeg. M 




+ 8.90 

- 8.57 
+ 0.33 

1 




+17.34 

-15.35 
+ 1.99 




+22.66 

-18.58 
+ 4 07 




+3.382 















It Ib nesct necessary to determine the sections which may need testing. 

In laying out this rib, the springing (Point 20) was assumed some dis- 
tance within the abutment, Point 19 falHng about at the face thereof; 
so that the section at Point 2U will, llicn fon', not need testing. The 
crown and Point 19 must, of course, be figured; and as the arch is only 

Cairly A&t ^-y = -^^ , the load point nearest to the crown — Point 4t — must 

be tested. The next load point — Point 8 — is not wry hkoly to need 
testing. B}^ turning back to tlio preliminary' design, we note that the 
section at Point 4 is not so highly stressed as that at the crown, and by 
making similar figures for Point 8 it is evident the stresses here will be" 
still less. It will bo advisable to test both of these sections, however. 
One point near Point 19 — say that at Point 17— ^will probably be suffi- 
cient. We, therefore, need to figure the moments for sections at the 
crown, Point 4, Point 8, Point 17, and Pouit 19. As has been previously 
stated, the moments at several other points will be figured, in order to 
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give a complete 8ct of valuos for reference. These additional poiiits will 
be Points 1, 3, 5, 7, 9, 11, 13, 15, and 20. 

The values of M and V at the various sectkms In the left half of the 
rib due to unit loads at the various load points are now figured fay means 
of Bquatkms 197 and 199. F' for aoy section is equal to am for a ioad 




9to.37i^. Influflooe liMB for Momente aft VtfioiM 8ee^ 

for Unit Loads at Eaoh Load Poiot. 



on the right hall of the rib or between the left q>ringing and the section 
in question, and to unity for a load between the crown and the said sec- 
tion. The results aro recorded m Table 37^ The cahndations for the 
values of M can be eonvenientty arranged to reduoe the labor to a mim- 
mum, as shown herewith for a load at Point 16 on the left half of the 





W 


m 


til 


16^ 


13^ 


111 


9( 




11 


5^ 


4( 


3^ 


11 


AT 

% 


-9 33 
-0 23 
+2.22 
+0.80 


-7 00 
-0.23 
+1.99 
+0.84 


-2 33 
-0 23 
+1.56] 
+0.7fl 


0 

-0 23 
+1.20 


0 

-0 23 
+0.89 
+0.68 


0 

-0.23 
+0.63 
+0.49 


0 

-0.23 
+0.42 
+0.40 


0 

-0.23 
+0.33 
+0.36 


n 

-0.23 
+0.25 
+0.31 


0 

-0.23 
+0.13 
+0.22 


0 

-0.23 
+0.08 
+0.18 


0 

-0 23 
+0.05 
+0.U 


0 

-0.23 
+0.« 


M 


-6.i5j-4.4U 


|-0.2^ 


+1.03|+l.24j+0.89 


+0.59 


+0.46 


+0.33 


+0.12 


+0.03j -0.05j-0 IS 



r 
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rib. Only two settingB of the slide rule are requiredj one for the products 
Ho y, the other for the products V^x. 

The iiiilucnce lines for the moments at the various sections due to 
the unit loads are then drawn for a oheoki as shown in Fig. 37i;. (When 
the calculations were first made, a few important errors therein produoed 
inesularities in the curves, and were thus detected.) 

The summations of all of the positive moments at each section are 
then formed, and also those for the negative moments. The algebraic 
sum of these two summations for each section is also obtained. 

The values of Hoj V^y and Mo tor dead load are then computed by 
means of the values for unit loads given in Table 37A, and the results 
are recorded in Table '37 i. The value of Mo for iLe loud at Point 0 



TABLE 37i 





LiMd 


Crown — Point 0 


Point 1 


Uo 


Vo 


Mo 


V 


M 


16 R and L 
12 H and L 
SRandL 
4EMidL 
0 


60,800 
o3,3(X) 
48,500 
46»300 
45,fi00 


+ 14,600 
+ 46,300 
+ 80,600 
+106,600 
+ 60,100 


0 
0 
0 
0 

+ 22300 


~ 2S,{X)0 

- 71, (KH) 

- 68,000 
+ 44,000 
+160,000 


0 

0 
0 
0 

+ 22,800 


- 27,000 

- 72,000 

- 65,000 
+ 49,000 
+122,000 


z 




+308^ 


+ 22,800 


+ 34,000 


+ 22,800 


+ 7,000 




Point 
Loadied 


Point 3 


Point A 


Point S 


Y 


If 


Y 


M 


V 


M 


16 R and L 
12 R and L 
8 K Mid L 
4KaiidL 
0 


0 
0 
0 
0 

-1- 22,800 


- 23,000 

- 56,f)00 

- 37,000 
+ 85,000 
+ 36,000 


0 
0 

0 

+ 45,300 
-h 22,800 


- is, (KM) 

- 42,(KXJ 

- 13,000 
+ 103,000 
+ 1,000 


0 
0 
0 

+ 45,300 
+ 22,800 


- 13,0(K) 

- 24,000 
+ 18,000 
+ 52,000 

- 29,000 


z 


+ 22,800 


+ 5,000 


+ 68,100 


+ 81,000 


+ 68,100 


+ 4,000 




Paint 
Loadid 




Pdimt 8 


FOOIT • 


V 


M 


Y 


M 


V 


u 


10 R and L 
12 R Mid L 
8 R and L 
4 R and L 

0 • 


0 
0 
0 

+ 4o,;joo 

+ 22,800 


+ 2,000 
+ 23,(X)0 
+ 101,000 

- 50,000 

- 73,000 


0 
0 

45,300 
+ 22,800 


+ 13,000 
+ 53,(X)0 
+ 134,000 

- 87,000 

- 88,000 


0 

0 

+ IS. 5(H) 
+ 45,300 
+ 22,800 1 


+ 2.3,000 
+ .S7,(KK) 
+ UU.OOO 
-114,000 
— 06,000 


2 






+ iin,r.o() 


f 25,0(X) 


+ 110.000 
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TABLE m (Continued) 



Point 


Point 11 


Point IS 


Point 16 


Loftded 


V 


M 


V 


M 


V 


U 


16 R and L 
12 R and L 
SRandL 
4 RandL 
0 


0 
0 

+ 48,500 

+ 45,300 
+ 22,800 


+ 49,000 
+169,000 
+ 15,000 
-138,000 
~ 96,000 


0 

+ 53,300 
+ 48,500 
+ 45,300 
+ 22,800 


+ 80,000 
+ 144,000 

- 36,000 
-118,000 

- 71,000 


0 

+ 53,300 
+ 48,500 
+ 45,300 
+ 22,800 


+ 117,000 
+ 14,000 

- 54,000 

- 54,000 
~ 22,000 


Z 


+116,600 


- 1,000 


+160,900 


- 1,000 


+169,900 


+ 1,000 




Point 


FOIN? If 


Point 19 


Point 20 




Y 


M 


V 


M 


V 


M 


16 R and L 
12 R and L 
8 Rand L 
4RaiidL 
0 


+ 60,S(X) 
+ 53,300 
+ 48,500 
+ 45,300 
+ 22,800 


+ 20,000 

- 93,000 

- 36,000 
+ 5S.()f)0 
+ 55,000 


+ 60,800 
+ 53,3(K) 
+ 4S..500 
4- 45,;i00 
+ 22,800 


-212,000 
-179,000 
+ 21.000 
+221 .(KK) 
+160,000 


+ 60,800 
+ 53,300 
+ 48,500 

+ 22,800 


-325.000 
-212,000 
+ 66,000 
-f :32:i.(HK) 
+224,000 


z 


+230,700 


+ 4,000 


+230,700 


+ 11,000 


+230,700 


+•43,000 



Mo for lorid at Point 0 = 45,500 X 3.79 - 12,700 X 1 0 = 160 000 ft. Ih.s. 
A/4 for load at Point 4 = 45,-300 X 2.58 ~ 14,000 X 1 .0 - 103,000 ft. lbs. 
M, for load at Point 8 = 48,500 X 3. 14 - 16,300 X 1 .0 - 134,000 ft. lbs. 

•Reduction in M» for weight of arch rib near springing » U x 29,700 X 2.2 
83,000 ft. lbs. 



reduced, as noted at the bottom of the table, to allow for the fact that 
the weight of the arch rib is not concentrated, as is explained under Item 
11. The values of M at each section are next figured in a similar manner^ 
and the results are tabulated in Table 37». The moment at Point 4 due 
to the load at that point is reduced as shown at the bottom of the table, 



TABLE 37y 
SuMMABT or Dbad-Load Stbbssbs 



SbcHob 


H 


V 


T 




s 


M 


0 
1 
3 
4 
5 
7 
8 
9 
11 
13 
15 
17 
19 
20 


+308,200 


+ 22,800 


+308,000 


+'A000 


H 31.000 
+ 7,000 
+ 5,000 
+31,000 
+ 4,000 
+ 3,000 
+25.000 

- 1.000 

- 1.000 

- i,im 

+ 1,(K)0 
+ 4,000 
+11,000 
+43,000 










+306,200 


+ 68,100 


+316,000 




















































+3Ub,2U0 
+306,200 


+230,700 
+230,700 


+384,000 
+364,000 




4 
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as is also the moment at Point 8; and the moment at the springing is 
also properly reduced, one-half of 29,700 pounds beincj the weipjht of the 
portion of the arch rib extending from the springiiig to Point 18. (See 
Dead-Ix)ad Concentrations, Point 20.) 

The total dead-load stresses at the wious sections aie then tabulated 
in Table 37 j. 

The live-load concentration is next figured. FVom the preliminary 
design^ we know that the live plus impact load per lineal foot of rib is 
2^20 pounds, so that the value of a concentration is evidently 2120 X 9.33' 
— 20f000 lbs. approximately. 

The maThnum positive and maximum native live-load moments at 
each section are then figured by means of the summations given at the 
bottom of Table and the results are tabulated in Tables Z7k and 37/. 

TABLE 37k 



Maxhtom PoBinva Livb>Loao Mqhenib 



Section 


PoinU LMded 


H 


V 


T 


M 


0 

1 

3 
4 

5 
7 
8 
9 
11 
13 
15 
17 
19 
20 


4L- 4R 

4L- 0 

12L- 0 
16L- 0 
lOL- 4L 
16L- 4L 

16L- 4L 

lf)L- 8L 

l('.l> - si. 

16L, 12L, 12R, mn 

16L, 4K-H>11 
0 -16R 

0 -16R 
4L-16R 


4-73,000 


4-10,000 


4-73,000 


- 

4- 95,0OU 
+ 80,000 

4-100,(K)0 
+ 128,000 

4-i;«),ooo 

4-147,(K)() 
4- 1()2,(KK) 
4- i;i8,(KX) 
4-120,000 
4 80.000 
4- S8,000 
4-178,000 
4-347,000 
4-453,000 








4-78,000 


4-18,000 


4-80,000 





























































TABLE 871 
MAxmnif Negative Live-Load Moments 



Section 


PoiotB Loaded 


U 


V 


T 


M 


0 

1 

3 
4 

5 
7 
8 

9 

11 
13 
15 

17 
19 
20 


18L-8L, 8R-16R 

16Iy-8L, Ill-IGR 
16L, 4R KiR 
4H 1(')R 
0 -16R 
0 -16U 
0 -16R 
4L-16R 
4L-16R> 
8L- 8R 

12L- 0 

16L- 4L 

16L- 4L 

lOL- 8L 








- 05,000 

- 67,000 

- 91,000 
- 103,000 
- 125,000 
-l.'iO,(KX) 
-152,000 
-149,000 
























































- y.s,u(X) 
-101,(K)0 
-171,000 
-307,000 
-372,000 








4-51,000 
4-51,000 


4-68,000 
4-68,000 


+81,000 
+82,000 
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The value of Ha, the thrust at the crown due to arch shortening, is 

next figured for dead-plus-half-live load over the entire span. The value 

of Ho is obtained thus: 

Dead load— see Table 37; +308,200 

20 000 

Half Uve load ^ X 6.442 (by Table + 64,400 

+372,600 

The value of ifa is therefore 

Ha^ - 0.0236 X 372,600 = - 8,800 lbs. 

The moments at the various sections due to arch shortening, to rise 
of temperature, and to fall of temperature are then figured, and the results 
are tabulated in Tables 37m, 37n, and 37o. H is constant throughout 
each table, being equal to the value at the crown; and V is sero. 

TABLE 37m 
dnOBSBS FBOH AacH SHOBTiamo 



0 
1 

3 
4 
5 
7 
8 
9 
11 
13 
15 
17 
19 
20 



y-S.86 



- 3.85 

- 3.81 

- 3 .47 

- 3.17 

- 2 .79 
-1.76 
-1.12 

- 0.37 
+ 1.89 
+ 3.56 
+ 6.14 
+ 9.18 
+ 12.70 
+14.65 



Ha 



8,800 
8.800 

8,800 
8,800 
8,800 
8,800 
S,S00 
8,800 
8,800 
8.800 
8,800 
8,800 
8.800 
8,800 



0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



s 



U,000 

9,666 



7,000 
7,000 



+ 
+ 

+ 
+ 



34,000 
34,000 

:n,o(X) 

28,000 
25,000 
15,000 
10,000 
3,000 
12,000 

- :ii,(^)0 

- 51,(KX) 

- Kl.OOO 
-I I J.fKM) 

-129,000 



TABLE 37n 
raoK 80* Run or TEicpBEATusa 



0 
1 
3 
4 
5 
7 
8 
9 
11 
13 
15 
17 
19 
20 



y-8.8B 



3.85 
3.81 
3.47 
3.17 
2.79 
1.70 
1.12 
0.37 
1.39 
3.56 



+ 6.14 
+ 9.18 
+12.70 
+14.65 



Hi 



+ 17,800 
+ 17,800 
+17,800 
+ 17,800 
+ 17.H(K) 
+ 17,800 
+ 17,800 
+ 17,800 
+ 17,800 
+17,800 
+ 17.800 
+ 17,800 
+ 17,800 
+17,800 



V* 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



+18,000 

+18^666 



+ 15,(K)0 
+ li,tRX) 



s 



• « • • 



68,000 
68,000 
62,000 
.56,000 
50,000 
31.000 
20,000 
7,000 
25,000 
63,000 
+ 109,000 
+ 163,000 
+226,000 
+261,000 



+ 
+ 



Digitized by Coogle 



BEINFOBCSD CONC&ETB BBIDOES 



905 



TABLE 37o 
iBOM AO* Paul or TnfPUATUBB 



Saetion 


y-S.85 


Ut 


V 


0 


- 3.85 


-20,700 


0 


1 


- 3.81 


-29,700 


0 


3 


- 3 .47 


-29,700 


0 


4 


-• 3.17 


-29,700 


0 


6 


- 2.79 


-29,700 


0 


7 


- 1 7i^ 


-29,700 


0 


8 


- 1.12 


-29,700 


0 


9 


- 0.37 


-29,700 


0 


11 


+ 1.39 


-29,700 


0 


13 


+ 3.50 


-29.700 


0 


15 


+ 6.14 


-29.700 


0 


17 


+ 9.18 


-29,700 


0 


19 


4-12 70 


-29,7(K) 


0 


20 


4-M.Oo 


-29,700 


0 



-30,000 



-29,000 



8 



24,W)0 
•23,000 



M 



4-114,000 
4-113,000 

-f io:^,(H)(> 



4- 
+ 
+ 

+ 



94,000 
83,000 

52.000 
33,000 
11,000 
41,000 

-106,000 
-182,000 
-273,000 

-377.fMH) 
-43o,lX>() 



Table I^7/>, ^iviii^ [\w maximum positive and maximum nejjativc mo- 
ments at the \ ari(iu> sections, is luxt made up. Thv maxinumi moments, 
both witii and witiiout the elleet ihie to a eliange of temperature, are 
figured for each section. Uemembering that Point 19 is at the face of 
the abutment, it is evident that we need to test the crown and Point 19 
onIy» 80 far as the concrete sections are concerned; and Points 4 and 17, 
and, possibly, Points 8 and 15, to ilet ermine the reinforcement. The 
values of the thrusts at the crown and at Points 4, 17, and 19 are, there- 
fore, computed as explained under Items 19, 20, 21, and 22, such blanks 
bemg filled out in Tttbles 37j to 37p, inclusive, as ate found 
Evidently we need to figure for maxhnuin positive moments only at the 
crown and Point 4, and for maxhnum negative moments only at Points 
17 and 19. 

The flections at these four points are now tested as follows: 

Section at Cmwn. Temperature Temperature 

Dimensions h Xb, Not Considered Considered 

24 X 53 1272 sq. in. 1272 sq. in. 

Moment 4- 163,000 ft. lbs. + 277,000 ft. lbs. 

Thrust + 372,000 lbs. + 312,000 lbs. 

e 0.44' - 5.2" 0.81' - 9.7" 

— 4.6 2.5 

0 

B 163,000X12 277,000X 12 

53 X 24^ X 000 ' 53 X 24* X 780 

^ — «0.1 0.1 

h 24 

p per face (Fig. S7q) . . ... 0.64% 

This result is satisfactory. 

11 X 0 785 

Use 11 1" round bars ia eaoh*iaoe, makmg p — » 0.68%. 

1^7^ 
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TABLE 37p 

Maximum PoamvB and NaoATnrB Momsntb at Vabioub SEcnonn * 



Section 




MAXmUM^QglTIV 




Thrust 


Moment 


Thrust 


Moment 


0 


r> 


4>3QB»000 

+ 73,000 

— 9,000 

— 30,000 


+ 34,000 

+ 95.000 
+ 34,000 
+ 114,000 




+ 34,000 

- 65.000 
+ 34,000 

— 08,000 


r 








T 








T%^l -I- ASl 


+372,000 
+342,000 


+ 163.000 
+277,000 




+ 3,000 
- 65,000 










1 


n 




+ 7.000 
+ 80,000 
+ 34,000 
+113,000 




+ T.OOT) 

— 07,000 
+ 34,000 

— 08^000 


J, 






A SI 






7* 
















+ 121,000 
+234,000 




- 26,000 

- 94,000 














3 


r\ 




+ 5,000 
+ 100,000 
+ 31,000 
+103,000 




+ 5,000 

- 91,000 
+ 31,000 

- 02,000 


r 






4/J 






T 












n -1- f _L /I 




+ i:m.ooo 
+239,000 




- 55,000 
-117,000 


r> a. /> a. 4 Ai! -L. T 












4 


n 


+315,000 
+ 80,000 

— 9,000 

— 20,000 


+ 31,000 
+ 128,(XX) 
+ 28,000 
+ 94,000 




+ 31,000 

— im.fHK) 
+ 28,000 

— 56^X10 






A C 




9* 










n-i-T J- A Si 


+38(5,000 
+357,000 


+ 187,000 
+281,000 




- 44,000 
-100,000 










6 


n 




+ 4.CK)0 
+ 130,000 
+ 25,000 

+ .S3.()00 




+ 4,000 
- 125,000 
+ 25.000 

- 50.f)no 








4 ST 






T 
















+169,000 
+24^000 




— WjOOO 














7 


n 




+ 3,000 
+ 147,000 
+ 15,000 
+ 52,000 




+ 3,000 
- 150,000 
+ 15.000 
- 31,000 


r 












7' 












D 4- f 4- 4 <? 




+ 16,5,000 
+217,000 




-132,000 
-163^)00 














8 


D : 




+ 25,000 
+ 162,000 
+ 10,000 
+ 33,000 




+ 25,000 
-152,000 
+ 10,000 
— 20^000 


L 






AiS 






r 
















+ 197,000 
+230,000 




-117,000 
—187,000 


i>+L+ii5+r 
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Tabu: 37p (CanHnued) 







Maxucum Posinva 

• 


Maximum Nbgativb 


ThnMt 


MoOMDt 


1 Thrust 




9 


D 




- 1,000 

+ i:5s,ooo 

+ 11,000 




- 1,000 

-149,000 

- 7,000 


L 












T 












D+L-{-AS 




+ 140,000 
+ 151,000 




-147,000 
-154,000 














11 






- 1,000 
+120,000 

+ 25,000 




- 1,000 

-138,000 

- 1J,00U 

- 41,000 


L 






AS 






T 
















+ 107,000 
+132,000 




-151,000 
-192,000 


D+L+iliS+T 












13 


D 




- 1,000 
+ 80,000 

+ 63,000 




- 1,000 

- 98,000 

- oljLRJli 

-106»000 


L 












T 
















+ 4S,000 
+111,000 




- 130,000 
-230,000 


D+L+AS+T 












15 


D 




+ 1,000 

+ 88,000 
tiA nnn 

+ 109,000 




+ 1,000 
-101,000 

— .t4,U0U 
- 182,000 


L 






AS 






T 












I)-\-L-\-AS 




+ 35,(X)0 
+ 144,000 




- l.>i.(KX) 
-330,000 


D-i-L-^-AS-i-T 












17 






+ 4,000 
+ 178,(X)0 

+103,000 


+ 3S4,000 

+ 81,000 
* nnn 

— 24.000 


+ 4,000 

-171,000 
fit nnfi 

-273,000 










T 










z>+L+iiiS+r 




+101,000 
+264,000 


+458.000 
+434.000 


-248,000 
-621,000 


19 






+ 11,000 
+347,000 

-112.000 
+226,000 


4-384 000 
+ 82.000 

- 7,000 

- 23,000 


+ 11,000 
-307,000 

-112,000 
-377,000 


















D+L+AS 




+240,000 
+472,000 


+4.')9,000 
+436,000 


-408,000 
-785,000 


20 


D 




+ 43,000 
+4f)3,000 
-129,000 
+261,(K)0 




+ 43,000 

-372,000 
-129,000 
-435,000 


L 






AS 






T 












D-\-L-\-AS 




+:i()7,ooo 

+028,000 




-4r,s.ooo 

-893,000 


/>+L+AS+r 
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Temperature Temperature 

iSsefum (A Pwtd 4, Not Ckmnderod OGOiBidered 

Dimensions h Xb, 

27 X 53 1431 sq. in. 1431 sq. in. 

Moment + 187,000 ft. lbs. + 281,000 ft. lbs. 

Thrust. + 386,000 lbs. + 357,000 lbs. 

e 0.48' - 5.8" 0.79' = 9.5" 

h/e 4.7 2.8 

B 187,009X 12 281,000X 12 ^^^^ 

fe 53 X 27* X bOO * 63 X 27* X 780 

- —=0.09 • 0.09 

h 27 

p per faoe (Fig. ^7q) . . 0.27% 

Use 7 1" round bars in each face, making p « 7 ^ ^ 0.38 /r- 

1431 

Section at Point 17. 
Dimensions, /; X 6 

39.5 X 53 2001 9q. in. 2004 sq. in. 

Moment - 248,000 ft. lbs. - 521,000 ft. lbs. 

Thrust +468,000 lbs. +434,000 lbs. 

a 0.64' - 6.6" 1.2* - 14.4" 

— 6.1 2.8 

e 

R 248,000 X 12 621,000 X 12 

fc 68X39.6>X 600" *. 63 X39.6^X780* 

^ — -0.06 QM 

h 39.6 

p per faoe (Fig. 37^) . . ... 0.11% 
This result is satisfactoiy. 

Use 7 1" round bars m each face, loaking p « ^ ^ 0.7^ ^ ^ OJ89%. 

2094 

Section at Point 19, 

« 

Dimensions h X b, 

42.2 X 63 « 2237 sq. in. 2237 «i in. 

Moment - 408,000 ft. lbs. - 785,0< H > ft . lbs. 

Thrust + 459,000 lbs. + 430,000 lbs. 

s 0.89' = 10.7" 1^' « 21.6" 

A 4.0 2.0 

0 



I 
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R 408,000X 12 _ 786,000X 12 _ 

fc 68 X 42.2» X 600 53 X42.a*X780 

^ 2^ • 0.06 0.06 

h 422 

p per face (Fig. 37^) . . ... 0.39% 

Thift result is satiBfactozy. 

Uae 11 1" round bara in each face, making p ^ 0.786 _ 0.39% 

2237 

A comparison of tbo strossos at the various sectioas iruHcates, as did 
the prrliminnry drsi<:!i, that the rib should have hvvn made somewhat 
thinner in the haunches, tliu.s effectinp; a .saving? in lioth concrete and steel 
amounting to several per cent. It will be noted that tlie section at Point 
20 was iiot tested in the final designy although it was in the prelimmary 

one. 

Tlie shear on the section at the crown is now figured, as explained 
under Item 26. We evidently have, allowing for the fact that the wei^t 
of the lib itself is distributed rather than concentrated, 

Dead load, 22,800 - 26,400 XHXH + 16,600 

Liveioad,20,000(0.600 + 0.331 -f 0.187 -f 0.081 +0.010).. + 22,400 

Total + 38/J(X) 

The net section at the crown ia 2i ' a 02 ' » 1248 sq. in., so that the 
unit shear ii$ 

38,900 f. • 
V « - « 31 lbs. per sq. m. 
1248 *^ ^ 

Since this shear is low, and as the arch ril) follows tlie theoretic curve, 
it is evidently umiecessarj' to figure the unit shear at any other point. 
As an example of the method to \ye used for other points, however, the 
caiculatioiLs for Point 12 will now be given. 

The dead load shr^ar mu the left of this point is evidently, 

S = 109,900 X 0.908 - 308,200 X 0.422 - 38,300 X H X M -= 

+ 14,600 lbs.; 

while on the rij;ht it is, 

S - 116,000 X 0.908 - 308,200 X 0.422 + 38,300 X H X K = 

- 14,700 lbs. 

The maximum positive live load shear on the left side of Point 12 will 
l>e obtained by loading all the load points to the right for which the ratio 
V 

zr At Point 13 is greater than tan a at Toint 12, or 0.404. Evidently we 
»• 

nust load Faints 122, 8/, and 42. We then have for the shear, by Equ£^ 
^ion208, 

8 - 20,000 [(0.919 + 0.813 + 0.669) 0.908 - (0.434 + 0.831 + 

1.175) 0.422] 

-= 2U,UU0 (2.19 - l.Oa) = +23,200 lbs. 
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The maximum negative shear on the right side of Point 12 be 
obtained by loading all the load points to the left — ^Points 16^ and 121 — 

V 

and thoee to the right for which the ratio — at Point 11 is lees than 0.464« 

Ho 

We then have 

8 - 20,000 [(-0.019 - 0.081 + 0.500 + 0.331 + 0.187 + 0.081 -h 

0.019) 0.908 

-(0.120 + 0.434 + 1.322 + 1.175 + 0.831 + 0.434 4- 

0.120) 0.422] 

- 20,000 (0.924 - 1.880) = - 19,300. 

The shear from arch shortening is 

5 » - (-8,800 X 0.422) » + 3,700. 

The shear for a 50^ fall of temperature is 
S « - (- 29,700 X 0.422) - + 12,500, 

and for a 30° rk>c of temperature, 

S « - - X 12,500 = - 7,500. 
5 

We then have for the maximum shears at Point 12, ' 

Loading • Positive Negative 

to Left to Right 

D +14,500 - 14,700 

L +23,200 -19,300 

AS. + 3,700 + 3,700 

T + 12,600 - 7,500 

D + L + AS + 41,400 - 30,300 

D + LA-AS+T +53,900 - 37,800 

The area of tlie conerete at Point 12 is 33.80" X 52 net = 1760 sq. in. 
The maximum unit shear, ti nipt iaturc not considered, is, therefore, 

41,400 ^. 

V » — = 24 lbs. per sq. m.: 

1,760 

wb>le taking into account the effect of temperature, it becomes 

63,900 

V = ■ — = 6i lbs. per sq. ni. 

1,760 ^ ^ 

In a similar manner the unit shears at Points 8 and 19, when the effect 
of temperature is not considered, are found to be about 23 lund 19 pounds 
per .square inch, respectively; while, when the effect of temperature ia 
taken into account, the corresponding figures are 33 and 24. 

From the above figures it is evident that no shear reinforcement is 
required at any point. 
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Tbb Calculation OF Stbbsses in Abch Abotmbntb and Pibbs 

Appraseknaie Methods of CalculaHon for AbtUmenia and Piers Carrying 

One Span Only 

The approxiiiiate loads on the foimdations of an arch abutment or 
pier carrying one span only can foe oomputed by means of the formuliB 
previously given for the approximate calculation of stresses In arch 
ribs, with a few modifications. The foUowing cases should be considered: 

1. Maximum negative moment at springing. 

2. Maximum positive moment at springing. 

3. Full live load on arch rib. 

For a shallow al^utnient, it will be sufTiciently accurate to use the 
formulae previously given fur the moments and thrusts at the springing 
for Causes 1 and 2. For Case 3, it will be satisfactory to assume the mo- 
ment at the springing as zero; and the corresponding thrust can be taken 

as that under dead load plus half-live load, plus ~ — sec /3, p being the live 

16 r 

load per lineal foot of rib. 

For an abutment of coiLsiderable height, the tlu*usts calculated as 
just suggested are not accurate enough, either in direction or nuignitude, 
although the values of the moments are sufficiently exact. The thrusts 
at the springing for such an abutment should be computed in the following 
manner: 

The value of //q under dead load, for an arch rib laid out for dead 
load only, is given by Equation 181; and the vertical component of the 
reaction at the springing is 

» tan ^. [£q. 219] 

The value of Ho under dead load, for an arch rib laid out for dead load 
plus half -live load, is 

and the value of the vertical component of the reaction at the springing is 

2|^Cu-f 5)tan/3- lEq.2211 

The dead-load moment at the springing, for an arch laid out for dea^i 
load only, is sero; and for an arch laid out for dead load plus half-live 
load, it is negative and equal to one-half the difference between the positive 
and negative live-load moments at the sprin^ng, as found by Fig. 376e — 
or say, equal to — 0.0023 p P. 

For the maximum positive live-load moment at the springing, the 
live load will extend from the far end of the span to a point some distance 
pa^si the centre, as can be seen from Table 37Jk. Asnaming the load to 
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extend over a length of 0.7 / from the far springing, that t!ie moment at 
this latter point is zero (which will not be far wrong), and that the mo- 
ment at the near springing is -f 0.025 p P, we have as the value of the 
vertical component of the reaction at the near springing 

V, = ^5:H£f -0.025 pP) 1 - 0.22pi. [Eq. 222] 

The value of can be found by taking moments about the crown, Mo 
being taken equal to + 0.003 p ^ (determmed from Table 37A). We then 
have 

I 

^p«(0.22 p i - 0.2pZ X 0.1 Z + 0.025pi2 _ o.O0apP) -^ r 

«0.112^. [Eq. 223] 

T 

For the maximum negative live-load moment at the springing, we may 
assume the hve load to (»xteiul from the near support to a point about 
0.35/ out. Assuming the moment at the near springing to be — 0.02 pP, 
and that at the far one + 0.012 p P (by Table 37A), we have, on taking 
moments about the far springing, 

V, - (0.35 p I X 0.825 i + 0.02 p P-M).012 p P) ^ Z«0.32 p I [Eq. 224] 

The vahie of Ho ean be found by taking moments al>out the near si)ring- 
ingi assuming the moment at the crown tu be — 0.002 plr. We then find 

12^pP _ ^Q .^ _ ^ .^^^ pi ^ - 0.02 pf^-f 0.002 p/^l -5- r 

» 0.028 (Eq.225] 

Since Case 3 will rarely be worse than one of the others, it will not 
be worth while to give more exact formul» therefor. The approximate' 
equations already presented are not seriously in error. 

The formuhe previously given for the i4)i»oximate calculation of 
stresses from arch shortening and temperature changes can be used in 
all cases. They give the value of H and the ix>sition of the point of 
contraflexurc, from which the moments on the base or any other section 
ean be eomputed. The stresses on the base shoidd l)e figured without 
the efTeet of temperature changes, and also when they iiro included. 

The calculation of stress(\s and moments on various sections can l)e 
done either analytically or graphically, the latter method being usually 
preferable. 

Approximate Mclhods oj Calculation for I^/vrs Carrying Two Spam 

For a pier between two arch ribs A and B, which may or may not 
be identical in form, we need to consider the following cases, in order 
to figure the maximum toe pressure on the side toward rib A: 
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1. Maximum negative mament at springiiig of rib A,, and maximtm! 

podtive moment at epringing of rib B, 

2. Dead load only on rib il, and full live load on rib 

3. Full live load on both rib A and rib B. 

For dof('miunii<; the maximum toe pressures on the side toward the 
conditioiLs of ItnuUng on the two spans are to be reversed. 

The formula) neeessary fur the calculation of the above cases have 
all been stilted previously. The foniiuke for and Ho given for use 
with high abutments should be emi)loyed for piers, unless they are unu- 
sually shallow. Case 1 assumes the use of two detaelied loadings, and 
rather high pressures can be allowed for it. The worst probable condi- 
tion will.be a little worse than Ciuse 2, or than Case 1 with a load on one 
of the spaas only. The elTect of loads resting directly on the pier, and of 
the weight of the pier ii^iAf, must not be forgotten. 

If it be desired to test- hori^ntal sections through the pier ahafti the 
same three cases of loading should be considered as for figuring the foun- 
dation prcMPures* 

A vertical section through the centre of the pier should also be tested, 
assuming msadmum negative moment acting at the springings of both 
arches. The depth of section which will resist this moment is uncertain, 
and will vary somewhat in different cases; but it should usually be taken 
somewhat greater than the thickness of the arch rib at the springing. 

In the case of the vertical section through the centre of the pier, the 
stresses should be figured both with and without coiLsidering the effects 
of temperature changes. If the two spaiLs arc alike, arch shortening and 
temperature stresses will have no effect upon the pressures on the foun- 
dation, or upon the stresses on any horizontal section of the shaft; but 
if the spans are different, th(»se effects will have to be taken into account. 

The graphical method of finding the moments and direct stresses will 
usually be found preferable to the analytic. In applying the graphical 
method for any section, it will be best to find first the resultant dead- 
load stress, and then combine therewith the Uve-load thrusts from the 
arch ribs. By following this procedure the probable effects of the various 
live loadings can be judged more easily, and hence the work can be com- 
pleted with a minimum amount of labor. 

It is occasionally derirable to determine to what extent an arch rib 
resting on a pier aids in taking up the thrust produced by loads on an- 
other rib resting on the same pier. In order to obtain approximate for- 
mulas for this case, the pier will be considered as a vertical cantilever 
carrjdng a horizontal load at the arch springings; and it will l)c assumed 
that the springings of the ribs do not rot^ite as the top of tin- pier deflects. 
These assumptions are on the side of safety in all cases; and except for 
unusually fl(>xil)le piers the error involved is small. 

We first a-ssume that the top of the pier has deflected sid(nva>'s an 
arbitrary amount d, the far ends of the two arch ribs not moving. The 
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horizouLai icuctiun //p duvcloped by the pier id 

U, [Eq. 2261 

in which / is the moment of inertia of the pier, and Ip its height. The 

thrust ir« devekupod in ather of the arch ribs can be figured by mntti- 

l 

plying the right haud member of Equation 193 by -j, and then replacing 

« < I (which GxproBQOo the change of length of the horiiontal projection 
of the rib) by We then obtain the formula, 

B. - C,^. lEq. 227] 

Now suppose that we have under consideration two ribs .4 and B, and 
that tho rib A ]>r()(lucos an unbalanced thrust (nay from live load ) of // c»n 
the pier between nbs .4 and B. If now we assign to the top of the pier an 
arbitrary deflection 6, and let Hji and Hb be the thrusts produced thrreby 
in the two ribs, and Hp that on the pier, the total horizontal thrust de- 
veloped b evidently + + The amount of thrust produced on 

// 

the pier by the actual thrust H of ribJ. is evidently equal to -f-jf^-f-flj ^ 
and the oorreflponding amount devdoped ui rib B is if 77 — , g,* , „ 



3 



Ha 



A tensile thrust of H 77 — —77 — — rr » produced ui rib A itself , wfaiefa 

causes thereui stresses similar to those from arch shortening or fall of 
temperature* 

Should the imr and the adjoining rib at the far end of rib A be prao- 
ticaQy identical with those at the point under consideration. Ha in each 
of the above eipressioDS is to be replaced by 2 Ha, for a omilar move- 
ment i will take place &t the far end of the rib. Should, however, the 

pier and adjoining rib at the far end be different, so that the assignment 

of the movement d at this point produces thrusts li'p and H'b ^ the pier 

and rib, the thrust on the rib B will be H ^ — ^ x 

that on the pier next to rib iJ will be H jr a 4, \ ' 

H, + Us + H^{l + 



and that on the rib ii will be U 
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When H'p equate Hp and H'b equate Mb, the ooeffieient of Hj^ becomes 
2, which agrees with the statement previously made concerning the values 

obtained when the piers and adjoining ribs at the two ends are alike. 

In most ciu«5es it will he fouiul tliat Hp is so largo a-s compared \vith 
// ; and ///{ that only a snuill amount of thrust is su|)pli('(l by the ad- 
joiniim rib. The piers can sometimes be made somewhat light, so that 
this statement does not hold; l)ut in this ease the value of II a will usually 
l>c large enough to set up rather high stresst?s in the rib in question. In 
general, therefore, the pier should be made stiff enough to take practically 
the eatire thrust. 

Exact Methods of CcUculatian 

The same cases of loading as were ipven for the approximate design 
of arch abutments and piers can also be employed for the final design, 
using, of course, the exact values ol the moments and thrusts at the 
sprin^ng. Except for shallow abutments, however, thte method te hardly 
satisfactory; and the following procedure should generally be adopted. 

The pier or abutment te first laid out to scale. The dead-load thrust 
at the springing (or springings) te then plotted, and combined with the 
weight of the p)ortion of the pier above it. If there be any dead-load 
moment at the springing, the dead-load tlirust will, of course, not pass 
exactly through the springing point. Next there are draw^l reaction lines 
for unit loads at each load point of the arch. These can be laid out 
directly, since we know for each load the value of the horizontal thrust, 
the nifirnent at the springing, and the vertical component of the thrust. 
By means of these lines it is possible to determine l)y inspection what 
load points are to be loaded in order to produce the maximum stresses 
at any given section of the pier. Such sections are then tested as may 
"^tH^m advisable. The live-load thrusts and moments on any section can 
be figured most easily by means of the reaction lines. 

The sections to be tested have already been discussed in connection 
with the approximate calculations, and no further mention thereof te 
necessary here. 

Fig. 37kk shows the reaction lines for the abutment of the arch the 
design of which has already been given in thte chapter; and Fig. Z7II te a 
similar diagram for a pier supporting two equal arch ribs of <nie hundred 
and thirty-«x (136) feet span and twenty-one (21) feet rise. The reaction 
lines in the latter figure are drawn for one ril) only, since the two spaiLs 
are alike. In the case of the abutment shown in Fig. '37 kk, it was found 
necessary to compute the maximum jiressures on both the front and the 
rear t<M*s, antl also the moment on a vertical section through the footing 
at al>out the centre. For the pier in Fig. ^7U the foUowing sections 
were tested: 

1. A vertical section through the centre of the pier, assuming the 
stresses to be resisted by a section five (5) feet thick. (The arch 
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ribe were four (4} feet thick at the springing.) This was figured 
for the maximum negative moment at the springings of the two 
arches, mcluding the effects of arch shortening and fail of 
temperature. 

2. Horisontal sections of the shaft at the bottom of the coping and 
at the bottom of the shaft. These sections were not affectiHi h^* 




Fia. 37A;fc. Reaction Lines for un Arch Abutment. 



temperature changes or arcli shortening, since the two arches 
were identical in form. 
'6. i iic liasc of the pier. The pressures here were also unaffected by 
arch shortening anil clmnfjcs of temperature. The theoretic in:ix- 
imum pressure recpiireil the use of two detached londings, ono 
alx)ut twenty (20) feet lorifz;, the other alxiut one liundretl and 
fifteen (115) feet lonp. Hince this condition was highly improb* 
able, the effect of tln' load twenty feet long was ignored. 
When it is desired to take into account the action of one rib resting 
on a pier in overcoming a port ion of the thrust from another rib on the 
same pier, the approximate method previously outlined can frequently 
be used. Equation 227 is, however, to be replaced by the more exact 
expression, 
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This latter formula is derived from Kqiiation 212 by replacing mil 
hy 5. The use of the i^proximate method is advisable even when the 
values of the thrusts found thereliy are considerably in error, since the | 
pfobLem is statically indetennmate, and large variations f ram ideal oondn 
tions are likely to occur. FurthenoMxre, a considerable error ui the values 
of the thrusts will ordinarily produce very small enoiB in the foonda- 
tion p r csB U roB As before stated, the approximate method errs on the 
side of safety. For comparatively fleidble piers, it will be best to vm 
more exact methods of calculation. In such a ca.se, the stresses in the ^ 
rib which is producing the unl)iilancc'd thrust shoultl be carofull\ fi^jjured, 
as rather high values uiv likj'ly to be ciiuscd by the defieetiun.s of the 
piers. Exact niethcxis of analj'sis for ehistic piers are to be found in 
Part III of Uoors "Reinforced Concrete Construction." 

Thb Dbbioninq or Slabs 

The calculation of stresses in continuous slal^s and in slabs reinforced 
in two directions has already been discussed in this chapter, as has also i 
the question of the distrilnition of concentrated loads over slabs; so 
that no further treatment of the subject of the calculation of uticuBtie is | 
required. The design of a slab to suit any given bending moment can 
be made most easily by the use of Figs. 376 and 37c; and the unit shear 
and unit bond str cone s can be found by means of Foimuls 125 and 126. 
The ''Specifications for Design'' on page 953 et 9eq. give the loads and 
the unit stresses ^Rduch are to be emi>loyed; and they also cover oertain | 
features of both designing and detailing. 

The dq>th of a slab designed for unifonn loads om^ will be detennined 
by the holding moment, as the unit shear will be low. When m slab 
carries concentrated loads, other the moment or the shear may goven, 
and both should be considered. I 

The ty]><' of slal) most frequently used is contiiiuons over the supports 
except at cxpaiisiou points, where it is freely supportetl. In such slah^, 
the same amount of steel should be used at mid-span and over the sup- 
ports. Several arrangements of the reinforcement arc possible. (>ne 
form wliicii hrus been adopted largely in the autlior's i)rarti('c i.s shown 
in Fig. ^7 mm. The arrangement of these bars in plan follows the order 
1,2,3, 1,2,3, 1, etc., the bar 4 being placed over bar 1. The }>ars 1. 2, and 

3 in the bottom really lie in the same plane, as do also the bars 2, 3, and 

4 in the top; but it was necessary to separate them in making the sketch 
for the sake of clearness. The approximate positions of the points at 
which the bars 2 and 3 are to be b^t are given; and these upgiy both to 
uniform and to concentrated loads. The bps In bars 1 can be short — 
say 12^'; but those m bars 2 and 3 should be 40 diameten of the bar 
for deformed bars, and 50 diameters for plain bars. Bar 4 baa nnmafiimw 
been made continuous, like bar 1, to pmvmt teuipttailiuie omdok lUs 
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is hardly worth while, except in very thick slabs having their top surfaces 
exposed, (\«pecially a.s it makes walking around on the stet^l during con- 
struction difficult. At an expansion joint ban 1 and 2 should be run 
to the end as shown. Bar 3 should be bent up as indicated if the shear 
is hi|^, or stopped a short distance b^mid the point noted for bending 
up if the shear is low. There should be transverse bars at the points 
indicated, to which eveiy main bar should be wired or fastened by dips. 
In the centre portion of the slab these transverse bars should be placed 
from 12 inches to 18 inches apart in the bottom of the dabi unless, of 
course, more are reqmred by the calculations. . The transverse bars will 
usually be three-eighths (J^) of an inch in diameter; but if the main 
bars are three-quarters ui' an inch in diameter, the transverse bars 
should be one-half (}^) inch. 

The total weight of the steel required ui the longitudinal reinforce- 
ment of the above ty]if^ per lineal foot is about thirty-five (35) per cent 
iTKjrc than the weight per lineal foot at the centre of each panel, allow- 
iT\^ for laps and bends. This aasumes each bar to be about three panels 
long. The weight of the transverse distribution steel jx'r lineal foot of 
span, in slabs reinforced in one direction only, will be from fifteen (15) 
to thirty (30) per cent of the weight per lineal foot of the longitudinal 
reinforcement at the centre of the panel, the smaller value holding for 
slabs about (me (1) foot thick, and the larger one for slabs only half as 
thick. 

A very simple form of reinforcement is shown in Fig. 37iifi. It should 
be used only when th^ shearing stresses are low; and it is, therefore, of 
limited application. The transverse steel should be arranged about as 
indicated, unless more be required by the calculations. The total weic^t 
])er lineal foot of the main reinforcement for this t^^pe is about forty 
(40) per cent greater than the weiglit per lineal foot provided at the 
centre of the panel; and the weight of the transverse reinforcement i)er 
lineal foot of span, when used ior ilistrilxition steel only, will be from 
fifteen (b5) to thirty (30) per cent of the said (luantity. In addition 
a considerable amount of steel in the form of chairs or spiders will bo 
neede<l to support the top reinforcement. 

The type of n inforcement shown in F\g. 37oo can also be used to 
advantage. It coiLsists of one row of Bars "1," one row of Bars **2," 
one row of Bars "3,'* one row of Bars "4," one row of Bars "1," etc. It 
will be noted that all of these bars are alike — except at expanflion points 
— ^Bars "1" and "3" being turned in one direction, and Bars "2" and 
"4" in the other. The total weight of the steel in the main reinforce- 
ment per lineal foot will be about thirty-five (35) per cent greater than 
the weight per lineal foot at the middle of the panel; while the amount 
of the transverse reinforcement, when used as distributing steel only, 
will be from fifteoi (15) to thhrty (90) per cent of the same quantity. 

The details of slabs of various are well illustrated in the before- 
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mentioned article by Mr. Howard in the Proc. Am. Soc. C. E. for May, 
1915. 

In the case of slabs reinforced in two directions and carrying uniform 
loads, the rods in each direction should be spaced uniformly for the centre 




^ no/ more 



Fia. 37mw. 



Fig. 37nn. 



6^ ^^noZ/rtore 





Fig. Zloo. 
Arrangements of Shib Reinforcement. 

half of the slab; but near the edges the spacing may be increased to 
double that adopted in the centre portion. For such slabs which carry 
concentrated loading, the minimum spacing must be maintained for a 
width somewhat greater than that over which the load is assumed to dis- 
tribute, and for at least two-thirds of the width of the slab. The spacing 
near the edges can be increased to double the minimum. 
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In the case of stabs which are rehiforced in one direction only, but 
are supported on all four sidesy it wiil be proper to Increase the spacing 
of the main leinforcenient near the side supports. If the slab should be 
continuous or partly fixed at the said side supports, transverse bars may 
be needed in the top of the slab at these points to prevent cracking. The 
areu of this transverse steel should be about one-third of that of tha. 



I 




Via, 37fip. Espaarioa Plates for Slabi. 



longitudinal steel; and it should extend from the support a distance of 
about one-third of the span Icnp^th longitudinally of the structure. 

At expansion joints it will be Ix^st to attach a steel {)late to the under 
side of the slab and let it slide on a similar plate resting on the cross girder 
or other support. These plates should be efficiently anchored into the 
concrete. A detail which has been found very satisfactory for this j>ur- 
|x>se is shown in Fig. 37pp. In ca<^ the plates do not extend for the 
full width of the support, as in Fig. 37ppi tar paper should be used as 
there indicated. 

The eipaiision joint should have an opening about 1 inch wide through- 
out, and should be filled with pure asphalt. Care should bo taken in the 
detailing of expansion joints to see that all forms can be renoved after 
the concrete has been poured. Tar paper, when used, is to be left 
in place. 

The waterproofing of slabs has been discussed in Chapter XiX. Es- 
pecial care is necessary at expansion joints, as the seepage of water through 
the floor is likely to discolor the concrete. Frequently, it will l)e advis- 
able to provide' siiKill drain pipes to carry away any water tlxat may collect 
in the expansion joints. 
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Construction joints In a slab should be made at an expansion joint 
or in the centre d a panel. Where the slab is oi sufficient ^-^m^**^ 
a tongue-and-groove joint should be provided. 

A slab should alwajys rest on top of a girder whenever possible. If H 
should be found necesssiy to place the supporting girder above the sfab^ 
vertical stimipSy well bonded into both the slab and the girder, must be 
used to cany the entire load of the said slab. 

AND 0R068-0iRDKB8 

Cantilever beams in reinforced concrete construction are noarly always 
of varying depth, bt'iii^; much de<^p('r at the supports than at tlio out^- 
ends. The critical section for l)cn(iing moment will ordinarily be at the 
edge of the suj)i>ort; but in large beams it will be necessary to figure th» 
moments at other sections as well, in order to determine the points for 
stopping some of the bars. If the load on the cantilever is uniformly 
distributed along its length, the maximum unit shear \viU occur at the 
support, and the mft«imnTn diagonal tension is to be figured on a section 
located at a distance equal to half the depth of the cantilever at the sup- 
port firom the edge of the latter; but if there is a concentiatioQ ai the 
outer end— as from a fasda girder and hand]:ail — the critical seetlon for 
shear may be just inside of the said concentration. 

The derign of a cantilever for bending moment can be best accon^lished 
by means of Fig, 37;. The unit shear and unit bond stress can be figured 
by means of Equation 139 3nd the accompanying instructions. Shear 
reinforcement, if required, can be designed by means of Fig. 37r. The 
unit stresses to be employed can be taken from the "Specifications for 
Design" given on page 953 ct seq., as can also the minimum bpacuiga 
and etlge distances of the bars. 

As a cantilever is a consi)ieuous member of a bridge, its dimensions 
are frccpiently determined In- the n^quirementa of cesthetics, rather than 
those of strength. When employ eil to support the outer portions of a 
roadway- tlieir ordinary use — those over the piei*s may be quite he^\'>'. 
The interniecliate ones will generally )>e twelve (12) iii<'li(*s or fifteen il5) 
inclies thick. The l)f)tf()m line is usually made a flat curve, although sonie- 
tinies it is laid out straight, while in other casc*s it is curved sharply. 
The latter di^tail gives the best app>earanoe; but it requires the cantilever 
to be rather deep, and in many structures it cannot well be used for Ifaii 
reason. 

The reinforcement is simple, ordinarily consisting of straight ban in 
the top which pass over the support and extend into the oonstrudion 
b^ond. Some of the bars should run to the outer end of the beam; but 
others are usually stopped off, if the unit shear is low, or are bent doim 
to serve as shear reinforcement if vay be needed. Vertical stinrupsy whoi 
required, should pass around the top steel and have hooks at their lower 
cods. The use of steel m the compression side is unneoessaiy. Hie top 
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steel is frequently pinood near the top of the slab which the cantilever 
supports; but this should not be done unless the slab and cantilever 
are to be poured at one operatioiL 

The most usual type of cross-girder is a beam of nearly constant 
depthi supported at its ends on girders or columnB. It is nearly always 
monolithie with the said ghrders Gt columns, so that its ends are partly 
restrained; and very frequently it is continuous with a cantilever beam 
at each end. For the calculation of stresses hi the cross-girder from 
loads on the cross-girder and cantilevers, it will generally be best to con- 
sider it as freely supported on the columns or girders. If it be desired 
to figure th(; wind stresses in a bent composed of a cross-girder and two 
columiu4, the cross-girder and columns should be coiLsidercd continuous. 
The moments in the crosti-girder should be figured for three cases of 
loading, viz.: 

1. Dead load on cross-girder and cantilevers. 

2. Live loa<l on rross-p;inl(T. 

3. Live load on both cantiU'VPrs. 

Moment curves for tlie maximum positive and maximum negative mo- 
ments should then l)e drawn. The maximum shear should be figured on 
a section located at a distance equal to half the depth of the cross-girder 
from the edge of the support, with live load on the crossi^irder and the 
adjacent cantilever. 

Hie cross-girder can be designed as a T-beam if it and the slab are 
to be poured at one operation, otherwise as a rectangular beam. £1gs. 
Z7h and 37V can be used in the first case, and Fig. 376 in the second. The 
unit shearing and unit bond stresses can be computed by means of Equa- 
tions 125 and 126 in either case, replacing 6 1^ 6' if the cross-^prder be con- 
sidered a T-beam. Shear reinforcment, if requned, can be designed 
by means of Fig. 37r. It will usually be needed. The unit stresses to 
be employed are given in the "Specifications for Design" in this chapter, 
im are abo the niiniiiium spacings and edge distances of the reinforcing 
bars. 

The })()ttom reinforcement for a cross-girder of the above type will 
consist of one or two hiyers of bars. Part of thcni will run the full length, 
while others will ho hcnt up to serve as shear rciiiforccniciit. The top 
reinforcement will usually made by extending the reinforcement from 
the cantilevers over into the cross-girder. Part of it should be carried 
throughout the top of the cross-girder, and the rest of it bent down to 
serve as shear reinforcement. It will generally be found possible to use 
some of these latter bars for the bottom reinforcement. If stirrups are 
needed for shear reinforcement, th<^ should pass around the top steel, 
and be hooked around the lower steel; while if th^ are used merely to 
support the lower steel, they should pass around it, and bend outward 
at tiie top so that the ends rest on the forms for the slabs. 

Another type of cross-girder frequently used is similar to the above, 
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but has no cantilcvors at the cmh. It should be designtd as a dimply 
supi>ort^(l beam, unless it is carried on exciis.siv(»ly heavy cc^hirans which 
will make it nearly fixed at the ends. The designing and detailing wili ixj 
similar to that for the eross-girder with cantilevers, except that the top 
reinforcement will not be rccjuired, unless the ends nre nearly fixcni by the 
coiumas; and the stirrups nuist in all eases {)ass around tiie bottom steel. 

If there are three or more lines of main girders or columns, the cro^ 
girden should be made continuous over the mtermediate oubb and the 
stresBes figured accordingly, taking due account of the inmiMata from 
the cantilevers, if there be any. It will usually be necessary to make 
exact calculatiooB ior the moments, ae the use of standard ooefficientB 
may give results too greatly in enor. Curves for maximum positm 
and negattve moments should be drawn, and steel should be provided 
as required. The deeigniiig of steel in continuous girders Is discussed 
in the nejct section of this chapter. 

The subject of stresses in cross-girders caused fay the stiffness of eol> 
umns or by wind will be discussed in connection v4th the columns, as it is 
usually these rather than the cross-girders that are affected by such btrosses. 
In most cases no special reinforcement will be required in the cross-girders. 

The details of several different forms of cantilevers and cross-girders 
are well illustrated in Mr. Howanl's paper un the Twelfth Street Traffic- 
way \'iaduct at Kansas CMy. On one span of this structure it was nec- 
essary to keep the total thickness of the ihxw of the lower deck down 
to two (2) feet, although the longitudinal girders were spaced thirty-?bc 
(36) feet on centres. The prol)lem was solved by the use of shallow 
sted cross-girders (not illustrated in Mr. Howard's pi^)er) encaaed in 
concrete. These were spaced six (6) feet apart^ and carried a special 
thin slab. Special structural steel brackets were used at the ends to 
deliver their loads to the main girders, which were through-girdem. 

The DE6IQNINQ OF Main Gibdkbs 

Main guders in remforced-Hxmcrete bridges are usually oontimious 
over the supixirts except at escpansion joints, when they are aanply sup- 
ported, these joints in most ca.%8 being located at every third or fourth 
support. The methods of calculating moments and shears in such giniers 
have already been treated, and nu further explanations are neci^ssiny hrn\ 

The design of any section of a girder to suit a given bending moment 
can l)e accomplished by nuuuLs of fomiuke and diagrams already given. 
The section at a support must i^e proportioned as a rectangular be:un, 
for which purj>ose Fig. 376 can be eni])loyed. The section at the centre 
of a span can be designed in the same mamier; l)ut if the girder carnes 
a slab which is to be jwured simultaneously with it, T-beam action can 
be assumed, and Fig. 37 h or Fig. '67 h' employed. The bottom flanges of 
girders are frequently arched for sBsthetic reasons; and when the amoont 
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of enrvatiure m lug^, h will be best to use fig. 377 f<or reotaiogular oeaiiis of 
varying depth in dcBigning the seotionB at the mipports. 

Shearing ntiowa i In main gudets are impoitanty and frequently deter- 
mine the dlmenaione thereof. As pravioasly explained, the vertical see- 
tion at the edge of a support on which a girder Is amply supported is 
to be figured for diagonal tension; but a similar section at the edge of a 
support over wliii li a girder is continuous is to l)e designed for pure shear 
only, the critical section for diagonal tension hi iiig considered to be lo- 
cated at a distance equal to half the depth of th(» girder from the edge of 
the support. If the bottom surface of the girder is nearly horizontal, 
Equations 125 and 126 are to be employed, substituting b' for 6 if the 
girder is considered be a T-beam. If the bottom surface is inclined 
considerably, Equation 139 should be used. 

In figuring the unit bond stres.ses, Equation 126 evidently applies di- 
rectly only to girders in which all rods are straight and extend over the full 
length of the girder. In the case of girders hainng some of the bars bent 
up or stopped off, the allowable bond stress will theoretically never be 
exceeded if all bars extend past any seotion at which they are needed.far 
enoui^ to be fully developed at the said section. However, it has been 
found by tests that If bars are stopped at a point where the steel stresses 
are high, excessive bond stresses and a tendency to slippage occur; so 
that oidmarily they should be bent up into the sheat region rather than 
stopped off. 

The "Specifications for Design*' on page 953 et seq. give the unit 
stresses to be employed, and also cover such points as the permissible 
spacing of bars, edge-di^tauces, etc. 

The arrangement of the reinforcement in continuous girders requires 
f'onsiderable eare. In order to do this to the ]>est advantage, curves of 
maximum positive and negative moments in each span should first be 
drawTi. The amount of steel required at the rontre of each span and 
over each support should then be computed, and from this the size, 
numl>er, and arrangement of the bars at each of these sections should 
be determined. The side elevation of the girder should then be laid out 
to scale, and the points for the bending up of the various bars determined 
by means of the moment diagram. Bars bent up from the bottom rein- 
forcement should be used in the remforcement over the supports as far 
as possible; and th^ should be arranged so as to reinforce for diagonal 
tension in the most effective manner. Bars should be extended some 
distance past the points where th^ could theoretically stop, in order to 
ensure that the bond stresses will be low. This procedure will also keep 
the unit stresses in the steel low, whidk will strengthen the g^er con- 
siderably in diagonal tension. 

When stirrups are required as web reinforcement, those* in the eentral 
portion of the girder should be of the type shown in Fig. 37tt; while those 
in the end portions, where the moment is negative, should be similar 
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hat umrted. When stinupe are not needed as web lemforoement, it 
will still be best to use them spaced about three (3) or four (4) feet ea- 

tres, in order to supix)rt the bottom steel. They should be of the tv-pe 
shown in Fig. 37//. Stirrup bars in light girders should be inch in 
diameter, and in heavy girders }4 inch. 

To illustrate the method of designing the reinforcement of a contin- 
uous girder, the ralrulations for the three-spaa girder shown in Fig. Z7qq 
will now be given in detail. 

The girders in tlir three spans will ho assumed to be of the sjune thick- 
ness and depth, so that the moment of inertia will be constant throughout. 



AT/ 



Mi 









* lilSSL ► 







Pto. 87^9. Sketch of a Three-Span Continuous Girder. 



The panel lengths of the floor-system will be assumed to l)c so short that 
the entire load can be considered uniformly distributed without introduc- 
ing anj-^ error of importance. 

The moment coefficients for Mi and M% are determined by means of 

50 40 
Fig. 87tf. Entering first with ci = — = 1, and — 0.8, we find 

JIf 1 = - 0.067 w^i Zi» - 0.048 + O.Old Wg d*. 
Again, letting c\ = 0.8, and = 1.0, we have 

Mt = 0.019 wi li^ - 0.056 wih^ - 0.060 w» i,*. 
Substittttmg the values cihfk, and k in these expiessioiis, we find 

Ifi « - 167101 - 12011^ + 24 ffni, 
and ilf s » 47 toi — 140 loji — 96 im. 

We next figure the moment at the centre of each span, aawnnhig it to be 

Bunply supix)rted, and obtain the values, 
Jf 'i « >i X 50* X ti?i « 313iPi, 
M'» - 313 vh, 

and M', = H X 40= X w, = 200 w^. 

Thf dead K»a(I per lim al foot of girder will be taken as 15,000 pounds, 
and the live load 7,000 pounds. We have, therefore, the following 
moments : 

Dead Load, 

Ml = 15,000 (- 167 - 120 + 24) 

Mt « 15,(jU0 (47 - 140 - 95) 
M\ = 15,000 X 313 
M'i = 15,000 X :^13 
M'm - 15,000 X 200 



- - 3,950,000 ft. lbs. 
m - 2,840,000 

- + 4,700,000 

- -h 4,700,000 " 



it 
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lAre load on span /i, 
3f 1 = - 167 X 7m) 
M, = 47 X 7000 
M\ = 313 X 7000 
live UmmI on span Ig^ 
if 1 - - lao X 7000 
Ms - - 140 X 7000 
M\ - 313 X 7000 
Live load on q;>an Ut 
If 1 - 24 X 7000 
Mt^ - 96 X 7000 
Af'a = 200 X 7000 



- 1,170,000 ft. lbs. 
+ 330,000 " " 
+ 2,190,000 " " 

- 340,000 ft. 0)8. 

- 960,000 '' " 
+ 2,190,000 •* " 



+ 170,01 
- 670,000 

+ 1,400,000 " " 



ft lbs. 



We then proceed to plot the moment diagrams. For qian li, the man- 
mum positive moment oocors with live load on spans ft and 4* Under 

these conditions, we have 



Jiff - 3,960,000 - 1,170,( 
and ATi - 4,700,000 + 2,190,( 



+ 170,( 



-4, 
+ 6390, 



ft. lbs. 



The three spans are then laid off to some oonvcnicnt seale, as in Fig. 
37ir. We next lay off a line vcrticaUy upward at Ri, representing the 
moment 4,950,000 foot pounds to any desired scale. The moment 
in the span lu due to the moment. Jfi acting at Ri, varies uniformly from 
~ 4,950,000 at Ri to aero at B^, and is, therefore, r q>resented by a 
straii^t line. Hie combined effect of the moment Mi and the load on 
the sptfn k can be found plottmg the parabola of moments from the 
said strai^t line as a reference line rather than from the horisontal line, 
making the mid-ordinate 6,8W,000 foot pounds. The ordinatcs between 
the resulting curve and the horizontal line will then represent the moments 
in Xhc span. 

We must next draw the curve for maximum negativo mementos near 
Ri. For this purpose we put the live load ou spans k and 4, whence 
we find 

Ml = - 3,950,000 - 1,170,000 - 840,000 - - 5,960,000 ft. lbs., 
and M\ - + 0,890,000 " " * 

We next Isy off Af t « 5,960,000 foot pounds vertically upward at Bi 
to the same scale as hi the first case, and draw the moment diagram in 
the same manner. 

We then proceed to draw the curve for maximum negative moments 
in the central part of span ^i. For this case we put Uve load on span k 
only, so that we have 



Ifi « - 3,950,000 - 340,( 
and Jf't - 



- - 4,790,000 ft. lbs. 

+ 4,700,000 " " 
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We must next draw the moment diagnims for span /c. For maximum 
positive momcQtSj we put live load on span k only, whence we have 

Ml = - 4,790,000 ft. lbs. 

M, - - 2,840,000 - 980,000 « - 3,820,000 " " 

andM', = 4,700,000 + 2,190,000 . - + 6^90,000 " " 

For maximum negative moments near the centre of span 1%, we put live 
load on spans k and k, giving the moments 

Af 1 » - 4,950,000 ft. lbs. 

JIf, - - 2,840,000 - 670,000 + 330,000 - - 3,180,000 " " . 
andJJf', = +4,700,000 " « 

For miLximum negative moments near Ri, we load spans li and U, whence 
we have 

M 1 » - 5,960,000 ft. IbB. 

Ms - - 2,840,000 - 980,000 + 330,000 » - 3,490,000 
andM', - +6,890,000 " " 

For maximum negative moments near R2, we must place live load on spans 
k and k; aud tlie resulting moments are 

Ml » - 3,950,000 - 840,000 + 170,000 « - 4,620,000 It Vtm. 
Ms » - 2,840,000 - 980,000 - 670,000 » - 4,490,000 " " 
andM's = +6,890,000 " " 

The moment curves for each of the four conditions of loading are then 
dra>vn. 

It is next necessary to check to see that the positive moment at 
centre of span U is taken large enough. The minimum allowable value is 

22,000 X 50* 



20 



= 2,750,000 ft. lbs.; and as the plotted moment is only 



2,G(X),000 ft. lbs., the steel area must be %ured for the larger value. 

The moment diagrams for span U are now to be prepAred. For nuud> 
mum positive momenta, we load spans h and k, whence we have 

4/2 « - 3,180,000 ft. lbs. 

and.U'a = 3,000,000 + 1,400,000 - + 4,400,000 " " 

For maximum negative moments near Es» we load spans k and k, whence 
we find 

M2 = - 4,490,000 ft. lbs. 

and M'a = + 4,440,000 " *' 

For maximum negative moments near the centre of is, we load span ^ 
only, and the resulting moments are 

^h = - 3,820,000 ft. lbs. 

andM'a- + 3,000,000 « " 
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The momcDt diagrams for each of the three oonditiQnfl of loadins m 
then plotted. 

Ab an aid in drawing the parabolas, it should be remembered that the 
slope of the curve at mid span is parallel to the referenoe line from whidi 

it is plotted. This is illustrated in Fig. STrr. Only the parts of the 

para}K)Ias sho\sTi by full lines need be drawn in, as the dotted portioos 
do not determine Bteel areas. 

On account of the width of the supports Ri and R^, the moment div 
gram at those points is not really of the shape just detenniued. The 
dotted lines show the approximate form it will actually have. 

The maximum shear must also be figured. It will evidently occur in 
the span U, at the edge of the supi)ort Ri. Let us assume the distam - 
from Ri to the edge of the support to be three (3) feet. The maximum 
shear at this point will occur when spans h and k are loaded, and iu 
value b 

V = 22,000 (25 - 3) + = 603,000 lbs. 

Ml 

Tlie section of the girder will be determined by the moment at JKi 
or at the centre of the Span hf or else by the maariminn shear. Assusung 
the girder to be four (4) feet wide, and that there is no T-beam actios, 
we find the following required depths: 

p * J 15,960,000 

For moment Mi, d « ixi20 

fcrmomeatinl. -110". 

608 000 

and for maximum shear, d " -^rr ^t: s-7 = 119". 

Assuming d = 120" or 10', and j = J^, the steel area required for the 

moment Mi is 

. -^i-^^'^— «426«i in. 

10XJ4X 16,000 * 

which calls for 35 ll^-inoh round bars having a total area of 43.0 squarp 
inches. Evidently three rows of bars at ten (10) each will be sufficient, 
except just at Ri, so that the gross depth of the girder below the slab 
must be about 119" H- 4" -h 2^" = 125^". We shaU, therefore, make 
the gross depth 128'^ or lO' 6", and call the effective depOi IW, or 10^. 
The quantil^ j will hej^ot more at all piNnts, and tins vahie wifl be 
used in computing the steel area. The required area at any point wifl, 
tbnefore, be 

* 16,000 X K X 10 i4o,o6o 



111", 
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The rtx]uir(xi areas of the top and l)ottom roiiiforcemont are next 
obtained by the formula just given. The smooth curves ia Fig. 37m 
give the resulting values. 

The reinforcement ia now to be designed. Deformed bars inches 
in diameter will be employed, putting ten bars in each row, as has been 
previously stated. There will be needed 27 bais at the centre of span 
It, 16 at the centre of span 1^, 17 at the centre o( spaa 34 at Ri, and 
27 at Bt. The numbers used will be 30, 18, 18, 34, and 28, respectively. 
The points at which bars are to be bent up or stopped off must next be 
determined. All bent-up bars will be inclined at about 45% and the 
horisontal projin^ion of the bent portion will be taken as mne (9) feet. 
Fig. 37<f shows the arrangement adopt<?d; and the stepped lines in Fig. 
37ss indicate the areas provided at varioun points. The vi rtical portions 
of these lines show th<' i>oiiits at whic h ihv bars l>end up, and the sloped 
portions indicate the gradual devc^lopinciil of bars which stop without 
lx»ing bent up. The bars are assumed not to resist any of the moment 
after l>eing bent, which assumption is, of course, on the side of safety. 

Since the unit shear exceeds forty (40) y)()un(ls per square inch at some 
points, web reinforcement is required. The critical sections at Ro and 
are at the edges of the supports, or say one (1) foot from the centres thereof. 

The critical sections at Ri and Rz are located from the edges of the 

supports, or eight (8) feet from the centres. The amount of shear that can 
be carried by ihe concrete and bent-up bars will be determined, and 
stuTups will be supplied if necessary. 

The end of span k next to Ri will first be considered. The shears 
at irarious sections, due to full live load on spans k and W, will first be 
figured, and then the effect of removing the portion of the live load be- 
tween the section and Rt will be computed on the assumption that the 
girder is simply supported at Ri. We then have: 



At edge of support (see previous figures). 
V = 603,000 lbs. 

V = 603,000 -5- 48 X 120 X >i = 603,000 -i- 5,040 = 120 lbs. per sq. in. 
At 8' from Ri. 



F«fi03,i 



- 6 X 22,000 + 



8- X 7,000 
2X60 





-s- 5,040 



» 99 lbs. per sq. in. 



V - 603,000 - 10 X 22,000 + 



ly X 7, 

100 




V = 305.000 4- 6,040 
At 20' from Ru 

V « 603,000 - 17 X 22,000 + 



20^ X 7,000 
100 



— 79 lbs. per sq. in. 



= 257,000 lbs. 
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V = 257,000 5,040 » oi ibb. per sq. ill. 

At 25' from Ri. 

952 X 7 000 

V = 603,000 - 22 X 22,000 + ^ — - 163,000 lbs. 

0 » 163»000 -r 6,040 e 32 lbs. per sq. in. 

The shciir dijigram fur this ix)rtioii of the beam is now drawn to scale, 
as shown at the top in Fig. 37^/. The unit shear civrried by the concretes 
40 pounds ]MT sfjuare inch to a point 8 feet from Ri, and thence increas- 
ing uniformly to 120 at the cilge of the support, is then laid ofT. E\'i- 
dently shear reinforcement is needed from the edge of the support to a 
point 23 feet irom Ri. The unit shear cared for by the vahous bent-up 
bars is next to be computed as follows^ using Fig. 37r: 

Ban beat dowa 2^ from Bi. 

4 

nil » « 1 per ft. width. 

«4 - ^ + 24") - 26.4" 

. ' . ti^ « 66 lbs. per sq. in. 
Bans bent down 4' 6" from Ru 

. * . t'i = 80 lbs. per sq. in. 

Ban bent down 7' 0" from Bi. 

> nil » 1 

a;, «= ^ (30" + 36") - 26.4" 

. ' . f)^ s 66 lbs. per sq. in. 

Ban bent down lO' 0" from Ri. 

nti = 1.5 

= ^ (36" + 24") - 36" 

. ' . t'i = 72 lbs. per sq. in. 
Ban bent down 12' 0" from Bt. 

^ = X 24" X 2 - 19.2" 
• * • >- 90 lbs. per sq. in. 
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Sinoe the mazimiim value of «w is ^ pounds per square inch, it is 
evident tbat the bent-up bars will care fully fcr the shear in the portion 
of the beam covered bv them. The last row of these bars is located be- 

3'ond the point of contndUxun', so that we need to tost the shearing 
strength here only between the bottom reinforcement and the neutral axis. 
This last row cut^ the neutral nxis ainnit fifteen and one-half fl ").')) fttt 
from R\, and since it provides a shearing strength f)f 90 pounds per scjuare 
inch when assumed to reinforce for a space 19.2 inches wide, it will evi- 
dently l>e safe to consider it to reinforce for a width somewhat greater 
than this, so that vertical stirrups will be neetled first at a point about 
seventeen (17) feet from Ri, The value of v^^ at this point is 23 pounds 
per square inch. Stimips will be made of round bars, arrangsd 
as shown in Fig. 37tf. There will be six (6) vertical bars per stlmip^ so 
that the value of nt, per foot of width will be 1^. From Fig. Sir, we 
find the required spacing to be 12". To be on the safe side, this 
spacing will be used from At to the centre of the span. Near the centre 
of the beam, the bars will be placed as shown in Fig. 37tt; but those 
within ten feet of ISi will be inverted. A length of embedment of 30 X H^. 
or 15", is sufficient for the development of the stirrup bars; and since 
the compresrion area is nearly four feet deep, the hooks on the ends are 
essential only near the point of contraflexure, where either the top or 
the bottom face may be the tensile one. 

If the la.st row of bars had n<jt been located beyond the point of con- 
traflexure, the critical section for shear would have been at the top of 
the beam. This last row of bars cuts a horizontal section here only 12 
feet from Ri, so that stirrui)s would first have betm ntdlcd 13.5 feet from 
Ri. The vahie of at this point is 37 jx)unds pi i- scjuare inch, so that 
the required stirrup spacing here would have been 8". 

The end of span h next to will now be considered. Covering spans 
h and h with live load, and proceeding as before, we find for the values 
of shear at various sections: 

At edge of support — 1' from R,,. 

429,00011ml 

84 lbs. per sq. in. 

d43,000ib8. 

68 lbs. per sq. in. 

238,000 lbs. 

47 lbs. per sq. in. 
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V - 22,000(26 - 1) - 

V » 429,000 -s- 5040 
5' from S^, 

7000 y 5* 

V = 429,000 - 22,000 X 4 -|- — - 

2XoO 

V = 343,000 -i- 6040 

7000 X 10* 

V = 429,000 - 22,000 X 9 + ^ Jl^ 

2 X oO 

V - 238,000 ^ 5040 
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The shear diaf^ram is then laid oiT, as shown in Fig. 37tf , and the unit 

shear carried by tho concrete, 40 pounds per square inch, is plotted thereon. 
The unit shears cared for by the variuus rows of bent-up bars are then 
figured as follows: 
Bars bent up 2' from 

fill » 1. 

« = ^ X 36" X 2 - 28^/' 
f a 60 Ibe. per Bq. in. 

Ban bmt up 5' from 

fill — 1^. 

^ « ^ (36" + 36") - 43^'. 

.'. oi ~ 60 lbs. per aq. in. 

Evideatty the same result is true for the other two rofws. The bent-iq> 
bare are seen to provide sufficient web reinforcement except in the portion 
from seven (7) to eleven (11) feet from /2^, where a small amount of ver- 
tical steel will be required. To be on the safe aide, we shall use the same 
storrups as were employed for tiie other half of the beam, spaced 2'— 0" 
apart» from to the middle of the epan. 

The web reinforcement for the other spans is now to be designed 
in the same manner as for span 

Hooks on the bent-up bars are unneeessary. At the ends of the girder, 
the bars are carried up to the t^p in order to secure a proper lenp^h of 
embedment; while those wliich end on the tensile side of the beam are 
turned horizontally and extended 3' — 0'' or practically 30 tliameters. 

The unit bond stresses will be highest near th(; expansion ends. At 
the sect lull one foot from the centre of Ho, there are only ten (10) bars 
in the bottom reinforcement, although there are four (4) inclined bars 
about a foot above the bottom. Neglecting the eiiect of these inclined 
bars, we find for the unit bond stress 

429,000 ,^ 

105 lbs. per sq. m. 



120 X i X 10 X 3.14 X 1.25 

Since the four inclined bars are about as effective for resisting moment as 
two horizontal bars in the bottom, the correct value of u is evidently not 
far from lOo X \% — H8 lbs. i)er sq. in., whicli is stitisfactory. In order 
to strengthen this section a.s much as possible, however, the ten (10) 
straight bars will be hfM)ked at the ends. 

The bars in the top which are continuous from one span to the next 
will ha\'(' to he spliced near the centres of the spans, and the strai<i;ht bars 
in the bottom, over the supports. The bent-up bars will be spliced in the 
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diagonal portioiiB. By this amngemeiit no splioes occur at point of 
maTrimiim straB or at points where there are a great number of bara. 

The AoeB at the expansion ends of a girder of this type should be 
thoroughly anchored into the concrete of the girder, in order to prevent 
them from tearing loose wlien tht' girder cortraets; aiitl the plates ou 
wliicli the shoes slide must be anchored equally well into the concrete of 
the piers or abutments. The ancliors should \)v designed for a pull equal 
to twenty-five (25) per cent of the load on the shoe. Fig. ^7uu sho\^-s 
the type of detail used on the Twelfth Street Traffievvay for this purpose. 

Construction joints should, preferably, be at the expansion jx)inls; 
but when this is impossible, they should be locate<l near the centres of 
the spans. In the latter case a substantial vertical bulkhead shouM be ; 



constructed, and some provision for carrying the shear at the joint should 
be provided. This can be accomplished by putting in a key, or by the 
use of diameter bars about 2' — 6" long set at an angle of 45 degrees with 
the horixontal, having half of the length of each bar on each side of the 
joJnt. These bars can generally be inclined in one direction only, sinee 
the shear, if laige enou|^ to be of importance, will hardly ever reverse. 



Columns are to be figured for direct vertical loads, and also for the 
bending stresses induced in them by eccentric loads, In' the deflection^ 
of girders which are continuous with them, and by tempt rature changes, 
wind loads, and traction loads. The nietliods of calculating the moments 
produced by these different causes liave already been ex])lained under 
the heading "The Calculation of Stresses in Monolithic Structures"; and 
the resulting stresses in the concrete and steel therein can be computai 
by means of Figs. 37A;, 37m, 37o, and 37<7. The Specifications for De- 
sign" in this chapter give the unit* stresses to be used with the various 
combinations of loadings. 

Columns without hooping are generally rectangular m section. The 
main reinforcement consists of bars near the outside of the 8ecti<my which 
bars must be very effectively secured against buckling outward, at pcMOts 
spaced not to exceed fifteen (15) diameters of the bar. The reinfom> 
ment must be arranged so that a concrete chute can be used; and H is 
desirable, in large columns, that sufficient space be left to penmt the pes- 
sage of a man. Mr. Howard's paper oa the Twelfth Street Traffiewar 
at Kansas City shows details for columns of the type just diseossed. 

Hooped columns should be either round or octagonal, .since the hoops 
must be round. The "Specifications for Design" indicate the an>ouni 
and spacing of hooping required, and tlie permidiiible percentages oi 
longitudinal steel. 

Splices in the main bars should usually be nuwle l)v lappins: them 
the proper amounts. At »ection;d where there is no tem»iuu, the bars are 
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sometimes butteil, the two ends being faced and held in ime by a sleeve- 
nut or a tight-fitting sleeve. 

The details of colunms at expaamaa jomts must be arranged to suit 
the kmgitudiDal girden and the croe»guden. In some cases the crosfr- 
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Fko. 37iiu. Ezpanskm Plates for Mam Girden. 

prder and one mam girder are contuiuous with the column, and the other 
main prder slides; while in other instances both main gurders are free to 
move, the cross-girder being carried directly on the column. This latter 
arrangement permits the distance between expansion columns to be <me 
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span longer tiian docs tlic former; but it increases the total number of 
cxpaiLsion joints, since there are then two at each expaiL^ion columu. 
Especial care is necessar>'^ in either typ^ to prevent the plates on w hich 
the girder-shoes slide from being torn loose from the column, and to 
prevent the column from being split. On the Twelfth Street TrafHcway, 
where both girders were arraii^f^d so as to slide on the cximnsion columns, 
the plates imder the two girder shoes were comiected to each other by 
angleB, as shown in Fig. 37uu. When only one girder slides on the column, 
similar angles should be used, carried well over into the concrete of the 
girder which is continuous with the column. 

The architectural treatment of the oolumns should be in eonfonnilj 
with the Unes of the lemainder <tf the structure. For plant, massiTe mtk^ 
m which there is no ornamentation, rectangular oolunms with vertical 
sides will prove quite satisfaetoiy. For more elaborate struetures, it will 
be best to use capitals and plinths, and to batter the sides of the shaft. 
A batter of one-eighth of an inch to tiie foot is about right for this pur> 
pose. For large columns, the use of panels on the sides of the shaft m 
advisable. These panels may be either raised or sunken, to suit tho 
taste of the designer. For a doul)le-deck structure, the use of pila.sters 
under the main girders of the lower deck atlds U) the apjx^arance of the 
structure. As wius just mentioned, Mr. Howard's paiMT shows the type 
of colimm adopted for the Twelfth Street Trafficway, which was a double- 
deck structure. 

When capitals are empl()yc<l, some form of reinforcement >houM l>o 
adopted to pnnent their cracking off. Either small bars or wire mesh 
can be used for this purpose. 

Construction joints require little attention on the part of the designior» 
and may be locatcMi at any desired section. There will always be one 
such joint at the top of the footing, and generally one at the bottom of 
the girders. Since it is usually inconvenient to place the column rein- 
forcement before the footing is poured, the 

begin at the top of the footing, and an equal number of short bars or 
dowels should be placed in the latter, eartending iar enou^ into it and 
into the oolunm shaft to be developed fully in both. 

The Desioninq of Column Footinos 

The formuUe given on page 857 et seq., in the section of this diapler 
entitled "Stresses in Column Footings," will enable the stresses in such 
slabs to be computed without difficulty. Fig. 37ft can be utilized for the 
design of the section after the moment has been calculated. 

The thickness of a footing must \ye testt»d for the Ix'ndinp^ moment 
on the section at the edge of the column shaft, for punching iihear on 

this same section, and for diagonal tendon on the section distance 4* 
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from the edpjc of ihv .shaft. The footing should be made of such thickness 
thjit woh rcinforccriK'nt w ill not ho mjuirod. 

Th<' vuiit Ixjud stress is to he coinpiited by Equation 126. It \Nnll 
usually \>v found ncceissary to adctpt rather small bars, in order to keep 
the bond stress down to a proper value; and testing for this streas should 
never Ix; omitted. All bars should extend to the edg(*s of the footing, 
once any that are stopixnl off will not be properly developed. 

The tops of footings should be kept horizontal. Footings with stepped 
upper surfaces did not show up well in Prof. TallK)t's tests reported in 
Bulletin No. 67 of the Engineeriog £xpenmeiit Station of the University 
of Illinois; and sloping the top surface causes extra fonn work and makes 
the placing of concrete more difficult, which about oflfsets the savmg due 
to the decrease in the amount of concrete required. 

The reinforcement should be placed at least three (3) inches from 
the bottom of the footing. As was stated previously, the steel area per 
toot width should be determined by Equations 159 and 160; and the spac- 
ing of the bars thus found must be kept constant over the entire width of 
the footing. The two sets of bars should Ik? securely wired at their inter- 
sections. Dowels exteiulinf^ up into the eohimn shaft will iilm be required, 
a.s discu.ssed untler '*The Designing of ( 'oluimis.*' They should be put 
into xx>sition and securely fastened before the pouring of concrete is 
begun. 

In designing plain footings for bending moment^s, a fiiirly high value 
of the working modulus can be u.sed. If the moduli of rupture for the 
footings tested by Prof. Talbot be figured for the moments per foot of width 
given by Ecj nations 169 and 160, the values will l>e found to range from 
280 to 500 pounds per square inch, with only two valu(\s less than 350 
pounds per square inch. These footing? were of 1:2)^ : 5 concrete. 
Apparently, a working modulus of 60 pounds per square inch can be 
safely used for 1 : 3 : 5 concrete, and one of 70 pounds per square inch 
for 1:2:4 concrete. 

Tu£ Designing of Wall Footings 

The locations of the critical sections for bending moment and diagonal 

tension have l)een discussed in the section entitled *'Tlie Calculation of 
Stre>ses ill W FootingJ*," and formuhe liave been given fur calculating 
the moments and shears. If the top of tlie footing is horizontal, Fig. 376 
is to be employed in the design of the section for Ix'nding moment, and 
Equations 125 and 126 in figuring llie unit sliearing and unit bond stresses. 
If the top surface is inclined, Fig. 37/ is to he us(m1 in designing the section 
for moment; and Equations 139, 125, and 12U in figuring the unit shearing 
and unit lx)nd stresses. 

Footings should be made of such thickness that shear reinforcement 
is unnecesBaiy. The unit bond stresses should always be investigated. 
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as th^ are likely to be hig^. All bars should extend to the edge of the 
footing. 

The statements made in the preceding section of this chapter regard- 
ing the use of sloped or stepped tops for column footings apply also to 
wall footings, altliough the employment of . sloped tops is occasionally 
desirable. 

In designing plain footings for bending moment, a rather high working 
modulus can ho used, as will be seon from Prof. Talbot's tests referred to 
on the preceding pag(\ A working stress of 00 pounds per square inch 
would appear to be satisfactory fur 1:3:5 concrete, and one of 70 pounds 
per square inch for 1 : 2 : 4 concrete. 

The Designing of Arch Spans and Piers 

Reinforced-eoncrete arch spans are of two general types, solid-spandrel 
and open-spandrel. In the first form the arch-ring must be solid, and 
the roadway rests on a fill which is carried on the said arch-ring and is 
restrained transversely by spandrel-walls along the edges thereof. In the 
second form, the arch-ring may be of either the solid-barrel or the ribbed 
type. The roadway is supported on reinforced concrete slabs, which are 
carried by cross girders and spandrel columns when the ring is of the 
ribbed type, and by transverse spandrel walls when ih'i ring is* solid. The 
solid-spandrel and open-spandrel forms are frequentiy combined in one 
span, the centre pui lion being of tlie former type and the end portions 
of the latter. 

The solid-spandrel arch, which is frequently termed the spandrel- 
filled arch, is l)e-;t adapted to spaii'^ of low rise, as the weight of tlie filling 
b<»comes excf r in an arch ot high ris(\ Also, tiie spandrel wall, which 
acts as a retaining wall, concentrates a hejivv lojid along the edges of the 
ring when it is of considerable height. However, it is occasionally used 
for railway spans of high rise, in order that the weight of the filling may 
absorb the impact of moving trains. The arch ring should, preferably, 
extend the full width of the roadway, jus the best looking structure is 
secured thereby. A consid(*rable saving in the arch ring and substructure 
can be effected by making the arch ring narrower than the roadway; 
and when the appearance of a bridge is not of vital importance, the econ- 
omy may be justified. The outer jwrtions of the roadway are then car- 
ried on cantilever brackets which are supported by the spandrel walls 
and are continuous with cross-walls resting on the arch ring or with cross- 
struts. 

The open-spandrel arch is more economical than "the solid-spandrel one 

for all spans except those of very low rise. The rin;; >!iould l)c solid 
when the ratio of the rise to tlie U^igth is small, and also when the high 
water line is much alxKc the spriniiinsi: but under otlier conditions tho 
ribbed ty]>e will pr(>f* r.'i))le. Since tiie roa<lway and tlie arch-ring are 
entirely separate members of the structure, there is no loss iu appearance 
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if the latter is narrower than the former; and the economy resulting 
from this arrangement should always be realised. The overhanging por- 
tions of the roadway will, of course, be supported on cantilever beams 
conUnuous with the cross-orders or transverse spandrel-walls. Longi* 
tudinal qMindrel-girders, placed under the flooi^^bs with their outer 
faces about in line with the outer faces of the arch-rings, will add some- 
what to the appearance of the span. Their under surfaces should be 
arched, to he in harmony with the type of structure. When the ribbed 
iy[>ii of arc h ring is used, the ribs must be brac(Hl by efficient cross-struti>, 
spaced not to exceed twelve times the wicith of the ribs. 

The liingeless tyi)e of rib has generally been employed in the United 
States, but three-hing<'(l urches have Ix'en built extensively in Europe. 
Th(^ great advantages of the hinged rib are that the stresses are deter- 
minate, that the amount of calculation work rcfjuired is comparatively 
small, and that the tempcratun^ stresses are eliminated; while its chief 
drawback is its somewhat awkward appearance, due to the fact that the 
thickness in the haunches is greater than that at the springing, unless a 
considerable amount of concrete is used which is not needed so far as the 
stresses are concerned. The appearance of the hingeless rib is very fine. 
The stresses are to some extent indeterminate, but eaq>erience has shown 
that the ribs are perfectly safe in every way when designed in accordance 
with the elastic theory; and the calculations required are not unreasci^ 
ably long. The temperature stresses are high in flat arches, as are also 
the stresses resulting from rib shortening and from small movements of 
the supports. The hingeless rib i& sUffer than the other; but this is not 
of great importance in concrete structures, since the dead load is a large 
proportion of the total. The cost of the two forms is not materially dif- 
ferent except for flat arches, uiuh r wliich circiunstances the three-hinged 
type is somewhat cheaper. That ty|K^ requires less concrete than tlie 
other, but the cost of the hinges will alxjut offset this saving in otlier 
than flat arches. When th*- hrulge over the Arroyo Seco at Pasadena, 
C'al., wius designed by the author's firm, oomplete estimates were mmle 
for both the hingeless and the three-hinged ty]>es. The hingeh^ss t>^)e 
was found to be a trifle cheaper than n tliree-hinged rib of economic out- 
line, and decidedly cheaper liian a tiirce-hingcd nb in which the tliickness 
at the springing was increased for the sake of appearance. The arches 
in this case were of high rise, as can be seen in Fig. o2/, which is a repro- 
duction of a photograph of that bridge. An extended discussion of the 
relative merits of the two types of ribs is to be found in a paper by W. M. 
Smith, Sr., M. Am. Soc. C.E., and W. M. Smith, Jr., Jun. Am. Soc. 
C. entitled ** Concrete Bridges: Some Important Features in Their 
Design," in Vol. LXXVII of the Trans. Am. Soc. C. £., and the accom- 
panying discussions. 

The character of the substructure required will vary widely in diflfer- 
ent arch structures. When there are several consecutive spans, the inter- 
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mediate piers, below the qjringing lines, will often not differ essentially 
in type from those used for steel bridgeSy although it will frequently be 
necessary to reinforce the shafts and to employ unusnally wide bases; 
and special care must be taken to secure unyielding foundations. In long 
bridges of this type, wide abutment-piers, having sufficient stability to 
stand if one of the arch spans that it carried were removed, should be 
placed at intervals. This will prevent the entire structure from being 
wrecked if one span or pier should fail. The end supports are entirely 
different from those used for ordinary steel bridges, since they have to 
care for a large horisontal thrust. The front face of the arch abutment 
proper is usually made vertical, while the rejir fare has a ver\' large batt^T. 
A lalhiT unusual condition anise in llu- casr of the Fifteenth Street Hrid^t! 
over the Blue River at Kansas City, Mo., which was designed l>v tin* 
author's firm. In this case the shale on which the ahutnient was to rest 
was overlaid by aljuut forty feet of soft clay. A rectangular reint'orced 
concrete crib was constructed and smik by the oix'ii-dredging process to 
the desired depth. The arch ring rested on top of this crib, near tiio 
front edge. 

The treatment of the intermediate piers above the arch springings 
Is a matter of a?sthetics. The upper portion of the shaft should be wide, 
preferably nearly as wide as the shaft below the springing; and if can- 
tilever beams are used, there should be one nearly the full width of the 
upper portion of the shaft, or else two, one at each edge thereof. The end 
pier should be made similar to the intermediate ones, if short approach 
spans are adopted. When an abutment is required in order to retain an 
earth fill, it should usually be made of the U-typc; and it should generally 
extend the full width of the roadway, even though the arch ring is narrower. 
In the case of opcn-spandrel arches, it will be found somewhat difficult 
to make the treatment of the abutment harmonious with that used fur 
the upper pf)rtioiLs of the intermrdiate i)iers. 

In the Twelfth Street Trafhcwav it was found necessarv to uso an 
arch of LSI' span, the springing of which had to be p]ace<l a I'onsid- 
erable distance alK)ve the groimd h'vel. As there were girder spans at 
each end of the arch, it would have re<|uired ex|>eiLsive abutments to resist 
the horizontal thrusts; and, furtliermore, there wivs no space available for 
such abutments. The difficulty was overcome by using a bottom chord 
of steel eye-bars to take up the said thrusts. A complete description of 
this arch, with full details, is to be found in the paper by Mr. Howard 
in the Proceedings Am. Soc. C. E. for May, 1915, which has Ix'en men- 
tioned previously. Attention is called especially to the rock( rs for taking 
care of expantiion, and to the toggle in the oye-bar chain, which was u»ed 
to eliminate the stresses in the arch ring due to the stretch of the tie and 
to the shortening of the arch rib; and also to the fact that the arch rib 
is free from temperature stresses. 

In the open-spandrel t^ pe of arch, the only expansion joints required 
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are in the floor-system ami luuKirails. For short spans tlu^sc joints should 
be located at both ends of each span; and for longer spans there should 
also \ye provision for expansion at alM)ut the cjuartLT points. In the solid- 
spanch*el tyjHi there should be expansion joints in the spandrel walls, floor- 
system, and handrails at each end of each span; and in long spans there 
should also be expansion joints at the quarter points. 

The question of testhetics should be carefully considered in designing 
a reinforced-eoiicrete arch Span. Chapter LII dtscuflses this subject. 
Fig. 520 shows an example of an arch bridge with open spandrels in which 
the lines are veiy plain, and Fig. 52/ illustrates a stanicture of the same 
type which is somewhat onuimental. fig. SSh diowa an arch biiclgB 
with closed spandrels, l^cal details of the bridge iUustrated in Fig. 
5Sjf are to be found in an article on page 146 of the EnginminQ NmoB 
for July 24, 1913, and in Fsrt III of Hool's ''Reinforoed Concrete 
Construction.'' 

The design of the floor^ystem of an arch span in^ol^ no peculiar 

features. The spandrel Orders, if such are used, will be made contmu- 
ous l)etvvecn expansion joints. The design of the spandrel colunins is 
also simple. Their aj^Karance is improved by l)att( ring them slightly 
and using capitals and plinths: but their treatment must be made con- 
sistent with that of the piers. A ^ood example of details of this nature 
is to be found in the bridge shown in Fig. 52/, reference to which was 
made in the prccetlinp; paragrai)h. 

The methods of laying out the ;in li ribs ;\nd calculating the stresses 
therein have already been fully treated ia this chapter. The main rein- 
forcement should consist of bars placed near the intrados and the extrados. 
At least one-half of one per cent of the area at tlie crown should be used 
in each face throughout the rib, and extra steel should be added at the 
critical sections as required by tiie stresses. In arches of high rise, addi- 
tional bars wiU be needed in the haunches, and possibly at the crown; while 
in flat arches it will be necessary to add a large amount of sted at the 
springing, and usually a smaller amount at the crown. The percentage 
of steel required in any case will depend partly upon .the ratio el the 
live load to the dead load, increasing as this ratio increases. The bars 
in each face should, preferably, be arranged in one row, with their centres 
at least 3 inches frt)m the edge of the concrete; Init two rows will fre- 
quently be reciuired at the critical sections. Bars should be properly 
lapped at all splices. Since the concrete in the piers or abutmenbs up to 
the springing line will generally be poured l>efore the forms for the arch 
ribs are constructed, it will be necessary to splice all l)ars there; but not 
more than half of the bars should 1m' sphced at an}' other point. 

The transverse reinforcement in a solid-i)arrel arch rib should consist 
of bars }/^" or in diameter, spaced about two (2) feet centres in 
each face. These bars should be securely wired to the main bars at 
each intersection. Stirrups tying the top and bottom steel together 
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should also l)e used, in order that the steel near the extnidos may nut 
buckle outwards. The stirrups should hold each main har at its inter- 
section with each transverse bar. Contuiuous bars, arranged like tlie u t i>- 
membcrs of a \\ arrcn or triangular truss, are preferable to separate loops 
for these stirnips. 

Each rib in an arch of the ribbed type should be hooped or banded 
in about the sanie manner as a column. In a deep rib it \vill be neoesaaiy 
to place longitudinal bars in each vertical face; for the rib is a oohmm 
transversely. However, it is practically free from tlu^ secondary stresses 
present in most columns. Examples of ribs of this type are to be found 
in the articles previously referred to in the Engineering Newg cH Juty 24, 
1013, and on page 1019 of the Proc Am. Soc. C. E. for May, 1915. 

The croe»«truts used to brace the ribs m a qmn of ^e ribbed type 
should be figured for wind stresses and for their own wei^t* The dimen* 
sion parallel to the axis of the rib should be about equal to the width 
of the rib, in order that the strut may be quite stiff. The spacing of the 
struts i^ould be about eight (8) times the width of the ring. Usually a 
strut at the crown is unnecessary-, as the cross girders near tiiis point 
will alford i)roj)<'r transverse support in most instances. 

The design of the uj)per jKirtion of a jiier between two arch .spans is 
simple. The method of calculatinp; the ^tn s>es in the shafts l>elow the 
springings and the pressures on the foundations of such piers has already 
been exjilained. When a pier carries two spaiLs that are unlike, the 
bending moments at some sections of the shaft and at the base are apt 
to be high. The.se moments can frequently be reduced by shifting the 
arch ribs slightly. The springing of the arch having the larger horiiontal 
thrust should be placed below that for the other arch, so that the resultant 
of the reactions from the two arches may strike as near to the oentre of 
the footing as possible. In some cases it will be economical to make the 
footing unsymmetrical about the centre line of the shaft. In adopting 
these economic expedients, however, care should be taken not to violate 
the principles of nsthetics. 

Fig. 37fl shows the section used for the shaft ci a pier between two 
equal arches, and also the reinforcement employed. D^ails of piers used 
in two of the author's bridges are to be foimd in the articles in the Engi- 
neering Newft and the Proc. Am. Soc. C. E. just referred to. 

The calciilal ion of the stresse s produced by arches in their abutments 
has also be(*n previously discussed. If an abutment acts also ai^ a retain- 
ing wall, the effects of the earth pressure must be pmperly coml)in«Hl 
with tli(tse from the arch rib. V\u:. '-17 1. 1: -hows the outlines and reiiiforet^ 
ment used for the abutment of an arch span in which the springing was 
locat(Ml ver\' close to rock. The footing was carried into the rock for 
some distance in order to secure the requisite resistance against thoi hori- 
sontal thnist of the arch. This ])oint should never be overlooked when 
arch abutments are being designed. 
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Handii/Vils 

Concrete handrails are of two general types: solid and open. 

The solid handrail should be used oa. massive struotures only, for it 
gives a top-heavy appearanoe to lighter ones. In the Twelfth Street 
Trafficway at Kansas City, Mo., half-thiou^ girders were used for the 
lower deAy and the upper portion of these girders was paneled to resemble 
a solid handrail. As has btHjn previously stattnl, this structure is described 
fully in a jKipcr in thi- Proc. Ain. Soc. C. E. fur jNIiiy, 1915; and the ap- 
pi'arancc of the niilin^ can l »e .seen in Plate XV and Fig. 22 of that paper. 
A handrail of similar outline was used on a small arch bridge designe<l 
l)y the author's iirm several years ago, but the appearance was uusatis- 
factory. 

Ojx'n handrails are of two fonns. In one kind each panel consists of 
a thin slab with open spaces forming a design of some sort, such as a 
Greek croes; while in the other vertical balusters are used. The author 
has employ eil the former type on several small bridges. The latter 
type was adopted for the upper deck of the Twelfth Strtn t Trafficway. 
The details of the handrail on this structure are given in Plate X VU of 
the i>aper previously mentioned, and its iq>pearanoe can be seen in Figs. 
21, 23, 24, and 25. It will be noted that the balusters are plam. In the 
Arroyo Seoo Bridge at Pasadena, Gal., a view of which is shown in Fig. 
S^, the same type of railing was used; but in this case the balusters 
were quite ornamental, the top and bottom portions being square, and 
the centre portions round and swelled out, thus giving to the baluster 
an urn-like appi'arance. 

The handrail sliould Ix' so (Ictaihd ns tu actt iituate the prominent 
features of the structure beneath. Small ])osts should be used at each 
cross girder or cantilcvj r, and very prominent ones at each pier or column. 
In the Arroyo Seco Bridge, small bays were formed over each pier; and 
similar bays were adopted at the ends of the arch span in the Twelfth 
Street Trafficway, as can be .seen by referring to Plate XIV and Figs. 
14 and 21 of Mr. Howard's paper. In the latter case these bays help 
to empha«<ize the prominence of the arch span over the rest of the struc- 
ture, being thoroughly in keeping with the very massive arch piers. 

The treatment of the handrails should harmonize with that of the 
remainder of the structure. Thus the lines of the Twelfth Street Traffic- 
way are ampler than those of the Arroyo Seco Bridge, and the structure 
is much more massive, so that plain, substantial balusters were used 
rather than the more ornamental ones employed on the California Bridge. 

Handrails should be designed so that the balusters, the top rails, and 
the caps of the posts can be separately moulded, as better form-work 
will be obtained thereby. The bottom rail and the posts arc usually 
poured in place; but they can l>e precast, if desired. 

The bottom rail is frequently raised an inch or more above the top 



Digitized by 



BRIDOB ENOINEBRINa Chapter XXXVH 



of the sidewalk slab, in order to provide a space for the removal of 
dirt, thus preventing its accumulation on the sidewalk. 

Enough reinforoement should be used in the various portions of a 
handrail to prevent cracking; however, nothing but a few 14" or H" 
bars should be employed, as otherwise the placing of concrete would 
be veiy difficult. IVequently provision must be made in the top rails 
for conduits for light-wires; uid the posts will often have to support 
lamp-posts and sometimes trolley poles. Lamp-posts, when employed, 
should be of an ornamental nature. 

CONBTBVGTION WOBK 

The construction of reinforced concrete bridges rixjuires very careful 
supervision on the part of the engineer, as faulty work may make a well- 
designed structure unsafe. For the best results the engineer who makes 
the design should supervise the construction. 

The 1913 Report of the Joint Committee covers in a general way the 
most important features of construction work, and the portion of that 
repent relating thereto should be carefully studied. 

The materials to be used in the making of concrete should be thor- 
oughly tested. The cemmit must be Portland, no other kind being per- 
missible. The testing of the cement is usually performed in a satisfactory 
manner; but the testing of the fine and coarse aggregates is frequently 
neglcct^ni to a serious extent, although it is of vital importance. 

Coni|)r< ssion tests should be made on 8" X 16" cylinders of concrete, 
as provided in the Six-cifications of Chapter LXXIX. The making of 
these tests is a very necessary part of the field insprrtion, for it is the 
only means of determining whether the strength assuiiKxl in the desij^n is 
actually attained in the structure. As is a matter of common knowledge, 
the strength of concrete frerpiently drops much below the values which 
are generally assumed as standard. The strength sj^ecified for the con- 
crete of any particular structure should be such as the engineer knows 
can be secured by the use of aggregates ol)tainable in that localit3' ; and 
he should insist upon these requirements being met, even though the 
contractor be compelled to use a richer mixture. The specifications should 
cover this point fully. 

The falsework must bo of adequate strength. Some initial settlement 
will necessarily occur, and this should be allowed for by cambering the 
forms; but any subsequent settlement b likely to endanger the strength 
of the structure. It will be well to place wedges between the falsework 
and the forms, to take care of unusual settlement at any point. Generally 
the contractor should design the falsework; but the engineer should check 
the plans thereof thoroughly l>efore permitting construction work to pr»>- 
cced. The falsework fur arches and for girders high above the ground 
will require specially careful cousiderutiuu. Timber falsework is ortli- 
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narily employed, yellow pine or Douglas fir being the beet kinds of wood 
for the purpose. Steel centering will occasionaUy be neoesniy for arofaesy 
and for spans where falsework resting on the ground cannot be used. 

The first requirement for the forms is that they shall be so strong 
that th^ will not break, or even bulge peroeptibly. The pressures for 
which they should be designed are not known de&iitely. A number of 
experiments have been made, but the results are not m dose agreement. 
Articles on the subject have appeared in the Bngin$mng News as foUows: 
September 9, 1909, page 288; June 30, 1910, page 748; July 28, 1910, 
page 103; August 17, 1911, page 211, aiul August 14, 1913, page 
^riicn' are also articles in the Engine^riiig Record of January 15, 1910, 
page 71, ami July 20, 1912, page 84. Some of the writers of tht sc articles 
suggest that forms should be designed lor the pressure exerted by a fluid 
weighing 80 or 85 pounds per cubic foot, and this value has l>een used 
to some extent. Taylor and Thompson, in their book entitled "Con- 
crete Costs" (1912 edition), give tables for the design of forms on page 
(V07 et seq. They adopt as a basis the results obtained by Major F. R. 
Shunk in U)08, and reported in the preceding references to Enginemng 
News of September 9, 1909, and to Engineering Reeord of Januaiy 15, 
1910. Major Shunk's tests were made on very wet concrete, and took 
into account the effects of variations in temperature and in the rate at 
which the f onns were filled up. They probably afford the best data on 
the subject at present obtainable. 

Fig. 37t« presents the results of these tests m a f ofm someirtiait 
better suited for direct use than that given in "Goncrete Costs/' as it 
enables the unit pressure at any distance below the top of the concrete 
to be determined. The dotted curves were drawn in by extending Major 
Shunk's (iia^iaui, and they probably give pressures th;it are too great. 
The full lurve exl ending nearly to the top of each diagram wa.s derived 
from the t(»sts reported by the Al>erthaw Construction Co. in Engi- 
fm i iiuj Svws of August 14, 1913. These, tests were mado on two hooped 
(•olumns twenty (20) feet high and twenty (20) inches s(iiian; in a build- 
ing under coiLstruction, with ordiriarj' working conditions, the concrete 
being fairly wet. One column was filletl in 9 minutes and the other one 
in 14 minutes, so that the rates of filling were about 130 feet and 85 feet 
per hour, respectively. The results from the two cases checked closely, 
and indicated nearly full fluid pressure at a point eight^xm (18) feet below 
the tops of the columns. 

The curves of Fig. Zlw are drawn for temperatures of 40 degreesi 
60 degrees, and 80 degrees. For intermediate tenqieratures, the pressures 
can be interpolated. Major Shunk's article gives no data for tenqwra- 
tures above 80 degrees or below 40 degrees. It is probable that* for 
temperatures exoeedmg 80 degrees there is no great reduction in pressure, 
but a considerable Increase for temperatures below 40 degrees. For a 
temperature just above 32 degrees the setting would proceed ;»o slowly 
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that iKvxrly full fluid prcsbure couid be expected, unless the rate of 
Miug were very slow. 




ft? j» 

Nea^cf Concre/e /n fee/. 
Fia. Zlm. Pressure of Wei Concrete on Forms. 

_ • 

Major Shunk's tests wm eiiticued in some of the artides above 
fcrred to, it being pointed out that forms designod for the p'ttwuio of a 
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fluid wdghing o|^tgr (80) or eighty-five (85) pounds per cubic foot have 
given satisfsctiou in many i nstances. It will be noted, however, that 
Major Shunk'B tests indicate values but little greater than these for usual 
working conditions, so that the above objection carries no weight. Major 

Shurik's curves take into account the main factors which enter into the 
prui>U in; arui their use is, therefore, to be preferred to the other method, 
which makes the strength of the forms independent of the rate of pouring 
and of the temperature. 

After the unit pressure on the forms has been determined, they must 
be tested for l3oth strength and stiffness. The tal)les j)reviously referred 
to on page 007 et seq. of Taylor and Thompson's ** Concrete Costs" can 
l>e used to advantage for this purpose. The values given therein limit 
the unit stress to 1,200 pounds per square inch, and the deflection to J^", 
which amounts are entirely satisfactory. Fig. in this treatise can 
also be utilised for the design of forms. 

Especial care must be given to the designing of forms for columns and 
thin walk in which the concrete will be filled up rai»dly. 

Foims should oidinarily be constructed of yellow pine or Dou^as fir,. 
White pine is best for nice work and where a good deal of framing is 
required. Metal forms can be employed to advantage when th^ can be 
used a great many times, as in handrails, column capitals, and ornamental 
details. The sheathing for slab forms and side forms of girders should 
l)e 1" thick. Stock l^z' thick is best fur columns, and 2" thick for arch 
ribs and the bottom forms of girders. 

The two sides of a form should be secured to eacli other by ])olts or 
wire. The use of shores is not so siitisfactory, since they are hkely to 
settle. Bolts should be well greased or enclosed in tin or pasteboard 
tubes, so that they can }>e with<lrawn after the concrete has set. The 
holes should then be filled up with grout. Cutting off the bolts near 
the surface of the concrete is not advisable; but if for any reason it should 
be necessary, they should be cut oH at least one inch back from the face 
' of the concrete. 

Forms must be tight enough to prevent leakage. The use of tongued- 
and-grooved lumber or ship-lap is good from this standpoint. Auger4ioles 
or laige cracks should be plugged with timber, and the surfaces then 
planed. SmaU cracks can be plugged with very stiff clay. Wetting the 
fbrms thoroughly a short time before concreting l>egins will sweU the 
timber and dose up small cracks. 

The forms for surfaces exposed to view must be constructed of luml^er 
of uniform thickness, dressed on at least the side next to the concn;tc. 
The use of tongued-and-grooved stock will give the best results; and ship- 
lap is l>ett<*r than plain lunilxsr. The latter can Ix* enipio3'ed when the 
surface of the concrete is to be treat(Ml after the forms are removed, or 
when the apfxjarance is nf»t of at iinportaiicc ; l>ut in other cases shii>- 
lap or tongued-and-grooved stock should be adopted. Plain lumber must 
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be dressed on the edges. The specifications for any structure should 
state dearly the kind of foim-imnber that will be required. Bevel strips 
should ordinarily be used at all sharp coraers of the forms-^ther t&- 

entrant or salient. 

In constructinK forms at expansion joints, care must 1)0 taken to see 
that all [Kirtions ciin ho roinovod aftor the concrete is poured. Vertical 
boards employed to form the expansion openings in slabs should \ye wnii)|MHl 
in tar-paper, and, preferably, taixred sliirhtly. For floep expansion of)en- 
in^s at the ends of lar^e girders, a melal form is best. On the Tw(»!fth 
Street TrafRcway at Kansas City, Mo., those (>fK'ninG:s woro over elrvon 
(11) feet deep. The contractor used lj^2-inch square bars, well grea.sed. 
They were withdrawn the day after the concrete was pourfd, ns it was 
found very difficult to get them out if they were left in place for a longer 
time. Care must be taken to see that expansion openingB are not allowed 
to fill up with dirt before the specified filling— wiaOy asphalti-4B put in 
place. 

Bulkheads for construction Joints in slabs and Orders should be ver- 
tical. In slabs they are best made of boards running horiiontally and 
notched down oyer the reinforcing bars. For girderSi boards running 
vertically will generally be used. can be formed hy blocks or boxes 

nailed to the bulkhead; and these should be tapered so that they can 
l>e easily withdrawn. The keys must be arranged so as to prevent both 
horiznnl:il and vertical disphicement. They must not l>e too large, no 
diiiicii-ion oxcoetling one-tliird of the corresponding dimension of the girder 
being jM rniissible. At h«»i lzontal const iiK t ion joint^s, similar keys can be 
constructed, or else large stones can bo n<cd for this purpose. 

Const niot ion joints should be located only at such poiuts as the engineer 
may designate. 

The engineer must check over the forms carefully after they are con- 
structed, to see that all dimensions are correct. 

The contractor should submit to the engineer complete working draw- 
ings shovnng the arrangement of the reinforcing bars and the location of 
the sidices; and these should be checked carefully. The reinforcement 
should be thoroug^y inspected after it is in phice, to see that the plans 
have been adhered to in eveiy respect, and that the bars are securely 
fastened against displacement. The surfaces of the bars should be free 
from grease, dirt, oil, paint, or scaly rust. A small amount of rust wbSuAk 
is ndtiier scaly nor flaky is not objectionable. 

The bottom reinforcement of dabs should be supported bj^ s[)ociftl 
clips or b}^ small cement l)locks. The former are Ix^tter, as the l)locks 
frequently crumble. The supports should be spaced so closely that the 
bars will not l>end down apprecial)ly under the weight f)f a man. Bent- 
up bars, when used, will genorally supj)ort tlio toji -tcol wvW enough; 
otherwise some form of sj)ider mu.-t It adnplfd for tliis j)iirp(ise. Placing 
the top steel after the concrete ha^ been poured should not be permitted. 
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Bars should be securely wired or clipped to each other at all intersections. 

The bottom reinforcement of pirders can be supiK)rte(l hy stirrups, 
by concrete blocks, or by form Iwlts as shown on pa^c ')(){ of Tay lor and 
Thompson's "Concrete Costs" (1912 edition). Wlicre nioro than one 
layer uf i)ars is used, each npfx^r layer should lx» supported on sliort pii'ces 
of pi{H? resting on the layer of bars beneath, as shown in the detail hist 
referred to. The top steel will ix: supj)orted to some extent by the l>ent-up 
bars and by the slal) reinforcement; and additional support can be [)n)- 
vided by susptmding the bars by wire from timlxTS resting on the forms. 
The main l ars, cross bars, and stirrups should be securely wired to each 
other at all iuterscctions. 

The steel in arch ribs can be supported in much the same manner 
as that in girders. The top reinforcement can be carried by cross- 
timbers resting on the forms. 

The stoel in column footings can best be supported on concrete blocks. 
The bare should be wired at their intersections. 

The longitudinal bars in columns should be wired to the bands or 
hoops to form a unit frame. This frame must then be secured against 
displacement. 

Expansion shoes and plates should be placed to exact position, and 
the sliding surfaces thoroughly coated with a thick grease containing a 
hii)iicant such as graphite or mica. All surfaces of the concrete in contact 
at expansion joints nmst have two layers of tar papi r between them. 

The mixing of concrete re(iuires careful suix^rvision at all times. 
Enough water should be us(h1 to ensure that the coiu'rete will work 
arouiid the reinforcement properly; but the amount should be kept 
as small as is (consistent with this result, because an excess of wat(»r 
lowers the strength of the concrete consideral)ly. Each batch must be 
kept in the mixer imtil it is thoroughly mixed. Especial attention should 
be given to thb point when thin walls or other small sections are being 
poured. 

Concreting in freezing weather is rarely advisable. It should be per- 
mitted only when the constituent materials are heated well above the 
fieenng point, and when provision is made to keep the concrete from 
freezing until after it has thoroughly set. The use of salt is not advisable, 
as it increases the danger of electrolytic action. 

The placing of concrete requires constant inspection. Forms must 
always be cleaned out and thoroughly wet l>efore the concreting l)egins; 
and where fresh concrete is to be placed against old concrete, all laitance 
should l)e removed then from, and the old surface wetted and coven^d 
with a thin grout consisting of one part of cement and two parts of sand. 
If the old concrete ha^s stood for several days, it will be best to roughen 
its surface with a pick before applying the grout. 

The concrete slioiild be transferred from the mixer to tlie forms as 
quickly as possible, and in such a manner that no segregation of the 
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materials wQl occur. It should not be allowed to drop into the fonns 

from any considerable height — never more than eight (8) feet, and pref- 
erably not more than two (2) feet. The use of chutes or tr^mies is always 
advisable; and for high walls or columns they are necessary. The con- 
crete should be worked around the reinforcement thoroughly; and it 
should be well spaded, esperially next to the forms. The bare in the 
bottoms of slabs should be picked up slightly and sliaken by means of 
pick-up bars; and all other bars should be shaken, particularly in columns. 
At construction joints, the concrete should not be spaded, but the surfaces 
should be left rough. The fonnatioa of loUance ^ould be prevents as 
far as po6Bible» and any that occurs should be removed befm it has time 
to harden. 

In order to be oertam that dabs are poured to the proper thickness, 
screeds of some sort should be used, on the t<^ of whidi templates can 
be placed. These screeds should be removed as soon as the concreting is 
finished. 

Hie method ci concreting an arch nb will depend upon its siae. For 
small spans, it will be satisfactoiy to pour oonsecutlvdy from botii abut- 
ments to the centre, making construction joints if necessary; but for a 
large span, such a procedure is likely to cause the falsework to settle 
unevenly, and to produce cracks in the concrete first poured. For such 
ribs it is best to divide the arch up into s(!vcral sections by means of Inilk- 
heads placed at ritrht angles to i]\r jixis of the rib. Alternate sections are 
then poured in sucii order as to keep load on tlic falsework soniewhat 
uniform. The remaining sections are then concreted, the one at the 
crown being the last. Descriptions of construction work of this nature 
can be found in a paper on the 233-foot arch span of the Walnut Lane 
Bridge at Philadelphia m Vol. LX^' of the Traris. Am. Soc. C. E., and 
in an article m Engineering Record of January 2, 1910, on the 280-foot 
Rod^ River arch at Cleveland, Ohio. In the case of a solid-barrel arch, 
the lib can be divided into two or more longitudinal strips fay bulkheads, 
and the various strips concreted separately. 

After concrete has been poured, workmen should not be pennitted 
to walk on it for at least twenty-four (24) hours. In hot weatiier, dabs 
should be thoroughly wetted two or three times a day for a week after 
pouring. Workmen should not be allowed to build fires on slabs. 

The proper time for the removal of forms is a more or less uncertain 
matter, as there are many \ ariable factors entering into it. In <i( nt ral, 
it may be said that forms ean be removed from vertical nn iiil*er> more 
quickly than from horizontal ones, from slabs an«l ginlers of short sjmn 
more quickly than from those of longer span, a?i<l itiore (juickly in hot. 
weather than in cold weather. If eonrrete becomes frozen while grtH-n, 
the forms should Ixj left on for a long time after it has thawed out, as the 
hardening process is likely to proceed very slowly. In the author's prac- 
tice, slab forms and the side fonns of girders have been left on aboat 
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one week in warm weather, and two weeks in cold weather. The false- 
work under ordinary girders has been kept in place about two weeks in 
warm weather, and in cold weather a month or more; but for lonp, hoaiy 
spans a somewhat greater time has been allowed. The forms for small 
columns have been left on for a few days in warm weather, and for a 
week in cold weather; while for largfit tall columns, they have been re- 
moved in about the same time as have slab forms. The falsework for 
small arches has been left in place about as long as that for ordinary 
Riders; but for long, heavy arches it has not been removed until after 
considerably more time has elapsed. 

The periods given above are to be regarded as merely approximate, 
and should not be used blindly. The rate at which concrete attains its 
strength will be found to vary considerably on different jobs, even when 
the temperatures are the same, due to differences in both the cement 
and the a^^pregates, and also in the mixing and placing. In particular, 
an excess of water will retard the hardening process considerably. 

The iiardness of concrete can Ik; told to some extent by striking it 
with a hammer. If this gives a clear ring, the concrete is probably pretty 
well set up. 

The most satisfactory methoil of determining the proper time for the 
removal of forms is {o make test specimens in addition to those fur tlie 
standard tests, keep them untler the same conditions as the concrete in 
the structure, and then have them l)roken at the time it is proposed to 
remove the forms. This method was followed on the Rocky Kiver Bridge 
mentioned previously. A few such tests, made in connect ion with the more 
important members of the structure, will prove sufficient, unless the 
results are erratic 

The surface finish of reinforced concrete work is very important. A 
good discussion of this question is to be found in the 1915 Report of Com- 
mittee on Masonry of the American Railway Engineering Association. 
(See ProceedinQS for 1915, page 800.) 

ft 

SPEaFICATIONS FOR DESIGN 

1. Classification of Bridges. 

As regards these specifications, all structures will be divided into three 
general classes: steam railway }>ridp;es, electric railway bridpes. and high- 
way l)ridges. Highway bridges will \ye divided into three classes, viz.: 
Class .4, which includes those thtit are subject to the continued appli- 
cation of hea\^ loads; Class B, which includes those that are subject to 
the occasional application of heavy loads; and Class C, which includes 
those for ordinary, light traffic. In general it may be stated that bridges 
of Class A are for densely populated cities, those of Class B for smaller 
cities and manufacturing districts, and those of Class C for cotmtry roads. 

Elevated railway structures will be considered as electric railway 
structures. 
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2. Loads for Steam and Bledric Railway Bridges. 

Stoani iuil\v;iy iind electric railway bridges are to be designed to 
sustain properly the stresses produced in them by any of the following 
loatls, or by any combination of them which may reasonably be expected 
to occur: 

A. live Load. 

B. Impact load. 

C. Dead load. 

D. Effects of arch shortening (for arches only). 
£. Wnd load. 

F. Traction load. 

G. Centrifugal load. 

H. Ellects of changes of temperature. 

3. Loads for Highway Bridges, 

The loads to be considered in designing highway bridges are as follows; 
and aU parts of such structures are to be designed to sustain proj^erly 
the greatest stresses produced therein for all reasonable combinations of 

the various loadings, excepting only tliat the live load and the wind load 
are not to be assumed to act simultaneously: 

A. Live load. 

B. Impact load, 

C. Dead load. 

D. Effects of arch shortening (for arches only). 

E. ^d load. 

F. Effects of changes of temperature. 

4. Live Loads for Steam and Electric Railway Bridges, 

The live loads to be used in designing any steam railway structure 
shall be taken from Figs. 66, 6c, Mt and 6e, and those for designing any 
electric railway structure, from Figs. 6if to 6n, inclusive. The equivalent 
live loads are to be used in making stress computations instead of the 
actual wheel concentrations. 

In case electric railway tracks are carried on bridges which also ac- 
commodate highway traffic, the live load on each track is to be assumed 
to occupy a space ten (10) feet wide to the exclusion of other live loads. 

5. Live Loads for Highway Bridges, 

The uniformly distributed live loads per square foot of floor, including 
the entire dear widths of both main roadwa3r8 and footwalks, shall be 
taken from the curve diagram shown in Fig. 6o; and the concentrated 
live loads shall be taken from Fig. (yj). The concentrated loatls are to 
be considered to occupy a whole panel length of the main roadway to the 
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eselittioii of any other live kwds (excepting only the electric railway load). 
For FoadwayB less than thirty (30) feet wide, only one concentrated load 
flhall be used; and for roadways thirty (30) feet or more in width, two 
concentrated loads shall be adopted. It will be pennissible to use a lighter 
cslass of loading for the footwalks of a structure than for the main roadway 
thereof. 

In the case of bridge with a portion of the roadway or sidewalks 

carried on (jintilevers projecting beyond the longitudinal girders or iirch 
ribn on botli sides of the bridge, the overhauling; portion on uiie .side 
only is to be eousidered loaded when designing tlic longitudinal girders 
or arch ribs, in case the loaded length is one hundred (100) btt or Ir.ss; 
but for greater loaded lengths the entire width of the structure is to be 
considered loaded. 1- ioor-bcams of surh structures are to be propor- 
tioned, first, on tiie assumption that the centre portion is loaded with 
either cme or both of the overhanging portions empty; and second, on 
the assumption that the overhanging portions are loaded and the centre 
portion is empty. Due account is to be taken of the reversing stresses 
produced by the above loadings. 

6. Impact Loads. 

For steam railway bridges the impact coefficients are to be fouud by 
the formula, 

where n is the number of tracks and L is the portion of the span length 
whieh must be coverpd by the moving lojwl in order to produce tlie niaxi- 
mum stress on the piece under eoasideration. Fig. 7c shovv-^ curves com- 
puted from the above formula for one, two, three, and four tracks. 
The corresponding formula for electric railway bridges is 

120 

" n L + 176' 

and Fig. 7d gives the corn'sponding curves. 
For highway bridges the formula is 

100 

~ nLH-200' 

In this case n is equal to the total clear width of roadway and footwalks 
in feet divided by twenty (20). Fig. 7f shows the corres|>onding curves 
for n = 1, n — 2, n = 3, and n ^ \. In case th;it the value of /* be 
fractional, the impact can be found by interpolation. There is to be no 
impact for road-roller loading. 

7. Dead Loads. 

The dead load for any member of a structure is to include the weight 
of all ix,'rmaucut portions of the structure carried thereby. The unit 
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weights of various materials can be taken from paragraph 39 of Chapter 
liXXVIIL Reinforoed concrete will ordinarily be asBomed to weigh 
150 pounds per cubic foot, including the weight of the steel. Undo* or- 
dinary climatic conditionsi in reinforced concrete bridges no provision need 
be made for a snow load. 

8. EffecU of Arch Shortening. 

The streases produced in an arch rib by the shortening of the rib are 
to be figun cl on the assumption that the rib is'loaded with dead load plus 
half live load plus half impact load over the entire ipan. 

9. Wind Loads. 

For the unloaded structure, the wind load shall be assumed as forty 
(40) pounds ]wr sfiuarc foot of exposed area, which area shall be taken 
as that seen in elevation, plus fifty (oO) ptT cent of all an^ius normal to 
the direction of the wind and shielded by other portions of the structure. 

For loaded steam-railway structures, the wind load shall be assumed 
as thirty (30) pounds per square fcK)t of exposed area, plus a pressure of 
three hundred (300) pounds per lineal foot on the train applied at a height 
of eight (8) feet alx)ve the base of rail. 

For loaded electric-railway structures, the wind loads are to be taken 
as eight-tenths (/(o) of those specified for loaded steam-railway structures. 

The wind load will not be assumed to act in conjunction with dther 
the uniformly distributed or the concentrated highway live loads. 

All wind loads are to be treated as moving loads. No percentage for 
impact is to be added to wind loads. 

10. Traction Loads. 

The total traction load on any portion of a structure is to be taken 
as a certain percentage of the greatest live load that can be placed on 
that portion of tiie said structure. For electric-railway bridges this per- 
centage b to be taken as twenty (20); and for steam-railway bridges it is 
to be determined by the formula, 



where T » percentage, 

and L « loaded length in feet. 

The values of T may be taken from Fig. 9e. 

Highway loads are not to be considered to produce any traction load. 
No percentage for impact ia to be added to traction loads. 

11. Centrifugal Loads, 

The centrifugal load for steam- or electric-railway bridges is to be com- 
puted by the formula, 



T 



4000 
140 + L 



, with » 20 and 7*.,^ = 10, 



f 



c- 



15 ft' 
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where C is the centrifugal load per lineal foot, W is the equivalent live 
loiul per lineal foot, A b liie radius of the curve in feeti and F is the gie^^ 
INTobable velocity of the train, to be determined by the formula, 

00 -2.5/), 

where D is the (Ugirct' of curvature. The values of C for curves up to 
twenty (20) degrees t-au be readily determined fruiii Fig. 86. 

All portions of the structure affectetl by the centrifugal lojul are to be 
%ured to carry properly the stresses induced by the said load in addi- 
tion to all other stresses to which they may be subjected. It is to be 
assumed as applied five (5) feet above the base of rail, the average centre 
of gravity of the moving load. 

Highway loads are not to be considered as producing centrifugal loads. 

No percentage for impact is to be added to centrifugal loads. 

12. Effeds oj Changes of Tmperature. 

The stresses produced in all parts of a structure by a rise in tempera- 
ture of thirty (30) degrees Fahrenhdt and by a fall of fifty (oO) degrees 
Fahrenheit o^ust be properly figured. 

WoBKiNO Stresses 

13. Campnsme Strenffth qf C<merete. 

The ultimate compressive strength of concrete, as developed at the 
age of sixty (60) days in cylinders sixteen (16) inches long and eight (8) 
inches in diameter, is to be assumed in accordance with the values given 
in Table 37g. 



TABLE 379 
SnaaroTHs of Various Conchkte Mixstnm 
(In Pounds per Square Inch) 





• 

PaoroKnoNS 


1:1:2 


1 :1H:8 


1:2:4 


l:StS 


Granite and trap rock 

Gravel, hard liraeatone, an<i huni sxindstono. . 


3,300 
3,000 
2,2(K) 
800 


2,S00 

2,r,(K) 

1,<S00 
700 


2,200 
2,(KK) 
1,500 
600 


1,600 
1 ,4fX) 
1,10(J 
400 





Ordinarily, 1:2:4 concrete should l)e used for reinforced concrete 
structures, and its ultimat<^ strength, found as above, should be taken 
as 2,000 pounds per square inch; but a lower value should be adopted, 
if it IS possible that soft rock will have to be used for the aggr^te. 

The use of cinder concrete for first-class construction should be foii- 



Digitized by 



958 



BRIDGE ENGINEERINO 



Chapter XXXVU 



TABLE 37r 

Intensities of Working Stresses for Concrete 



Kind of Stnm 



Compression on concrete in extreme tibrcs of beams and 

sbuw, in iieneral 
Compnv^sion on concrete in extreme fibres of eoD^uotis 

beams at supports 
Asdal oompresnon mi o(Micrete in columns without hooping 

contiiininf; from one (1) to four (4) per cent of kmgi- 

tuditwd steel, due to direct loads only: 

T<" 

> 12 and < 20 

Compression on concrete in columns without hooping con- 
taming from one (1) to four (4) ]mr cent of longitudinal 
steel, due to direct loudH, and to bending caused by 
eccentric loads and deflections of girders: 
I* 



12. 



12 and < 20 



Axial compression on the core of hoope<I columns in which 
the hooping amounts to at least one ( I ) |mt rent of thi 
volume of the enclosed con* and having from one (1) to 
four i t) i>er cent cS longitudinal steel, due to direct 

lo;uis only: , 

^ < 8 



h 

y > 8 and < 20. 



Compression on the core of hooped columns in which the 
hooping amounts to at least one (1) {mt cent of tht 
volume of the encloseti core an<l havinn from one fl) to 
four (,4) per cent of longitudinal Hteel, tlue to direct 
loads, and to bending caused by eccentric loads and 
.deflections of girden: 

~> Sand < 20 , 

Bearing on concrete 

Shear (diagtjiial tension) on concrete in beams with hori 
lontal rods only and without web reinforcement 

She ir li iuonal tension) ()n (•oncn't«' in Im'umjs havinK at 
icubl one-half of the tension reinforcement boot up in 
the region of maximum shear, but no oUier web rcinforce- 
ment 

Shear (diiigomd tension) on concrete in beams having web 
reinforcement of stirrui)S or in< lined bju-s Cidculalcil to 
carry all of the shearing stress exceeding forty (40) 
pounds fM»r sqtiarf incli , . . 

Pure sheiir on concrete uncombined with diagonal tcnajon . . 

Bond stress between concrete and plain bars 

lionfl sfr("<.s hf twf'on concrete and defornuHl bars 

bond stress between concrete anrl tlireade^l bars 

Bond stress between concrete and drawn wire 



WUHKINO S' 



In Per Cent 
of Ultimate 
Compresaivo 
Strength 



30 

35 

20 

32-^ 
o 



25 



30 



42- 



26 



35 

^' 26 
30 

2 



3 



6 
6 
4 
5 
10 
2 



In Pounds p«r 

Sq. In. fw 
Ordinary 
1-2-4 Concrete 



600 
700 

400 

640- 20 4- 
o 



500 

740- 20 4- 
o 



600 
840-30 



700 

940- 30y 

eoo 

40 
60 



1*20 
120 
80 

100 
200 
40 



*l*»unsupport(>d Iftiffth. 

rt outside dimenaion of oolumn without hooping, or diameter of core (or booiHxl cuiuxnn. 
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14- Intenmties of Working-Stresses. 

Tho intensities of working stredseB for concrete shall be as specified in 
Table 37r. They are given in percentages of the ultimate compressive 
Btrength at sixty (00) days, and also in pounds per square inch for ordi- 
nary 1:2:4 concrete in which the said ultimate strength is 2,000 pounds 
per square inch. 

The intensities of working-stresses for reinforcing steel shall be taken 
as follows, in pounds per square inch: 

Tenisioii or coini)ivssion on skt'l in main reiuforccment... 16,000 
Tension on steel in web reinforcement 12,000 

Hie intensities of working g tro s oos for other materials shall be as 
specified In paragraphs 48 and 49 of Chapter LXXYIII. 

The intensities given in this paragraph shall not be exceeded, except 
as specified in Paragraph 17. 

15. Coefficients of KhisticHy for Concrete and Steel, 

The coeffic ient of elasticity of concrete shall be assumed to have the 
values given in Table 37s when making stress calculations; and 

TABLE 37« 

Coamcimi of £last«^ or Cohcb.!. * 

(For use in Making Stress Calculations) 



Ultimate StrcngUu 

P«S^ IB. 



2,200 or leas. 
2,200 to 2,900. 
2,900a 



Coafficient of Elasticity. 
~ wSq.lB. 



2,m),(m 

2,500,000 
3,000,000 



for the purpose of figuring deflections, it shall be taken as 3,750,000 pounds 

per square inch. 

The coefficient of elasticity of steel shall be taken as 30,000,000 pounds 
per square inch. 

The value of n, or the ratio of the coefficient of elasticity of steel to 
that of concrete, wHl, therefore, be taken as 15 for ordinaiy 1:2:4 
concrete. 

16. Combinations of Stresses. 

For various combinations of the stresses pro<iuccd by the loads speci- 
fied in P:irn;2^phs 2 and 3, the intensities of working stresses given in 
Paragraph 14 may be increased by the percentages given in Table 37t. 

Design 

17. PtmdamenUd Awumptiona for Designing. 

Calculations shall be made with reference to working strcflses and safe 
kMds, rather than with reference to ultimate stresses and ultimate loads. 
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Imcbbabbb in iNisNBtnas-or WoBxma BnBum 
FOR Vabious Combinations of Loadings 




1 
2 
8 

4 

6 

6 



Any loading singly 

. Dead loiitl combincnj with any other one load 

Any combination of Uve load, inipactloadi dead loadt arch shortening 

efloct, and cenirifugid load 

Case No. 3» oombinedTwith either wind load, tmetion load, or effect 

of change of temperature 

Ca.*^' No. 3, combinwi with either wind loatl plus traction load, wind 

load plus effect of change of temperature, or traction load plus 

change of temperature 

C'ase No. 3, combined with wind load plus traution toad plus effeoi 

of change of temperature 



PereenUM 



0 
0 

0 

ao 

40 

50 



A section i)lane before IxridinR remain.s plane after Ixmding. 

The coefficient of elasticity of concrete in compression, within the 
usual limits of working stresses, is constant. The distribution of com- 
pressivc stresses in l)eams, therefore, is rectilinear. 

In caiculatiug the moments of resistance of beams, the tensile stresses 
in the concrete ahall lx» neglected. 

Perfet-t adhesion between the concrete and the reinforcement is 
sumed. Under compressive stresses, tht^efore, the two materials 
stressed in proportion to their coefficients of elasticity. 

Initial stresses in the reinforcementi due to contraction or expansioa 
in the concrete, are neglected. 

18. EJfeclive Lengths. 

The effective length for a slab or a beam shall be taken as the distance 
from centre to centre of supports, but not to exceed the clear span plus 
the depth of the beam or slab. Small brackets shall not .be ooosidmd 
to reduce the clear span length. 

The effective length of a column shall be taken as its maximum unsup- 
ported length. 

The spriii^inj; of a lixefl-ended arch ril) shall }yc considered to Ik* lo- 
cated within the hody of the pier or al>utiiient at a (Hstance efpial to al>out 
half the iiej)th of the ril) from tlie sulfate of the said almtment or pier, 
unle^js the section of (lie ril» is nearly a> ^reat as that of the abutment or 
pier, in which case the bpringing is to be taken bumewlmt lower. 

19. Maximum Urwuppcrted Lengths of Columns and Arch Ribs. 

The maximum un>upported length of a column without hooping shall 
be twenty (20) times its least width; and that of a hooped column shall 
be twenty (2U) times the diameter of the core. 

The maximtim nnbnu^ed length of an arch rib in a transverse direc- 
tion shall be twelve (12) times its width. 
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20. Stressefi ifi Afojiolit hie Structures. 

The stresses in monolithic struotiiros shall Ix' figured on the assump- 
tion that |>t*rfect continuity exists at all points (cxeept, of course, at 
eaq^MUQsion joints). The use of approximate methods of calculation will be 
pemuflBible; but the character of the stresses at all sections must be cor- 
rectly determined, and a proper amount of reinforcement must be pro- 
vided for all sections at which tension can possibly occur. 

Tbe otice i oe in fixed-ended aroh-riba shall be computed by the elastio 
theofy. 

21. T-Beam. 

A dab may be oonsidered as an integral part of a beam which sup- 
ports it only when there is an effective bond between the said slab and 
beam, and when there Is reinforcement in the slab at riglit anp,\e9 to the 
V)cam. The width of th(^ flange shall not be taken grojiter than one-fourth 
of the length of the IxMim, nor shall its ov( rhau^iiig widtli on each 
side of the stem be taken greater than four (4) times the thickness of the 
slab. 

When T-beams are continuous over the ^u|)ports, the sections at the 
supports are to be figured as rectangular Ixuuus. 

22. Shear and Diagonal Tcnaioii. 

The following sections shall he considered to Iw under pure shear only: 

1. The section of a slab at the edge of the load-area of a concentrated 

load. 

2. The section of a beam or slab at the edge of a support over which 

it is continuous. 

The following sections shall be oonsidered to be under full diagonal 
tension: 

1. The section of a slab located at a distance efjual to half the depth 

thereof fnjm the edge of the load-area of a concentrated load. 

2. A section in the portion of a slab or beam carrying a concentrated 

load which lie^? Ix tween the load and the support, when the dis- 
tance ol the edge of the load-area from the v*\\iv of (he support 
is equal to or greater than the deptli of the slab or beam. 
3» The section of a beam carrying uniform load located at a distance 
equal to half the depth thereof from th(^ edg(^ of a support over 
which it is continuous, and all sections from this point to the 
centre of the span. 

4. The section of a beam or slab at the edge of a support on which 

it is simply supported, and all sections from this point to the 
centre of the span. 

5. Any section of a waU footing located at a distance equal to or 

greater than the depth thereof from the face of the widl. 
0, Any aectioa of a column footing located at a distance equal to or 
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greater than half the depth thereof from the edge of the column 
shaft. 

The intensity of the (hap;onal tonsilc stress at any section of a beam 
shall be considered constant from the tenaile reinforcement to the neu- 
tral ana, and equal in value to the maximum unit shearing stn^s;^ on the 
said section. Beyond the neutral axis, the intensity of the diagonal ten- 
sile stress shall be aaBumed to diminish uniformly to sero at the oompreo- 
sioa face of the beam. Near the points of oontraflexure of a continuous 
beam, it must be assumed that either face may be the tensile face. 

At points of mayimimi diagonal tension, the unit streases in the ten- 
sile reinforcement shall, preferably, be low. 

23. Web licinJorcemenL 

Vertical stirrups, when used as web reinforcement, must be spaced 
not to exceed half the depth of the beam. They must be so well an- 
ofaored at the tension rdnforoement that th^ can be considfirod as fully 
devdoped at that point; and they must extend to the compfeasion face 
of the beam, and be fully developed between that point and the neutnl 
aadSi Near the points of oontraflexure of continuous beams, they must 
be well anchored to the reinforcement in both faces. 

Inclined bars, when used as web reinforcement, must be spaced (hori- 
zontally) not to exceed the depth of the beam. They must be continuous 
with the tension reinforcement, or else must extend a sufficient distance 
along the teiLsion face to be fully developed at the j>oint of bending. They 
must extend to the compression face, and be fully develojxd between 
that point and the neutral axis. Near the ix)ints of contrallexure of con- 
tinuous beams, they must be fully devol()])ed at lx)th faces. 

When the arrangement of web rciniorcement is not regular, the dia- 
gonal tensile stress between two adjacent vertical stirrups or rows of 
inclined bars shall be assumed to be (Uvided between the two said 8tir> 
nips or rows of bars in i»oportion to their reapective areas. 

24. Minimum Thickness of Concrete. 

The minimum Ihiekness of footwalk slabs (exclusive of wearing surfai c) 
shall be three and one-half (3)^ inches, and that of roadway slabs, six {H) 
inches. 

The minimum thickness of other reinforced concrete members shall 
be nine (9) inches; and, preferably, it shall be twelve (12) inches or more. 

25. Minimum Spacing ami Edge Distances of Reinforcing Bars. 

The distance from centre to ( ontie of reinforcing bars shall not Ix^ less 
than t\\nce the diameter of the coarse a^grepite plus the diameter of the 
barSi nor less than three times the diameter of the bai*s. The spacing 
of adjacent rows of bars shall not be less than the permissible spacing 
of bars in each row. The distance from the centre of a reinforcing; bar 
to the edge of the concrete shall not under any conditions be km 
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than the diameU'r of the coarse aggregate plus half the diameter of the 
bar, nor less than two diameters of the bar; and for construction under 
water or below the ground surface, the said distance shaU not be leas than 
three (3) inches. 

The spacing of the main reinforcing ban of siabs shall never eioeed 
the depth of the slab. 

26. Bends in Reinforcement. 

The mmimum radius ol bends in rdnf ordng steel under stress shall 
be fifteen (15) diameters of the bar, except at hooks, or unless stirrups 

or other special details be used to care for a portion of the radial stresses. 

Whenever the radial forces e'xerted by bent (jr curved bars produce 
tensile stressed in the concrete, stirrups must be provided to care for the 
said tenaioa. 

27. Splices and Devdapmeni cf Bam, 

The lonp:th of embedment required for df^formcd bars shall be forty 
(40) diameters of the bar; for plain bars, hfty (50) diameters; and for 



threaded bars, twenty (20) diameters. A hook formed as shown in Fig. 
37iino may be considered to develop one-quarter (3^) of the strength of a bar. 

When splices are made by merely lapping the bars, the length of lap 
must be at least equal to that required for development. 



Just iis tlie j);ig:(» proof of this chapter wius alx)ut to Ix? returned to the 
prinkT, the author's friend and former assistant, Victor H. Cochrane, 
Esq., Consultinq; iMijjineer, showecl him tlie manuscrif)! of an exceedingly 
important paper entitled ^'The Design of Symmetrical Hing(?less Concrete 
Arches," upon which he had been working two years, and which will 
probably soon Ix^ published by one of the technical societies. This 
memoir will reduce the labor of making: arch-ring computations fulJy 
seventy-five per cent and will be a most valuable addition to the literature 
of bridge designing. 




Fio. 37icw. Detail of Hodc for Reinforcing Bar. 



Addendum 
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CHAPTER XXXVIU 

V0UKDA1I0N8 IN QHNBBAL 

The pormissibic prossurcs on soils of divers kinds at various depths 
below water are exceedingly difficult to determine, becauae the eondi- 
tioiis at different locations are so variable. A tew esq^eriments on the 
can3nng capacitieB of foundation soils have been made, but generally 
the permissible pressure is settled by the engineer's individual judgmeooL 
In many cases of pier foundations the minimum area of base wliich the 
oonsfcruction conditions allow ¥^11 be found great enough to provide a 
safe and satisfactory bearing, but often the character of the foundation 
soil is such that enlargement of the bearing area becomes necc a oa ry in 
order to avoid all possibHity of serious settlement. 

In computing the pressure upon the base of a bridge pier, the total 
live and dead load (excluding impact) from the superstructure is to be 
found, to it is to be added the weight in air of the entire mass of pier 
above the base, and from the sum is to be sulttracted the weight of water 
displaced at the lowest stage of the water. Ordinarily, no deduction should 
be made for the side friction, as there is no certainty that this acts with 
anything hke its full power until the jiier is on the verge of settlement. 
However, m the case of caissons sunk very deep into soil of small bi-aring 
capacity, it may become necessarj'- to rely on side friction to a very grc^at 
extent, although the less such reliance is invoked the better. In many 
cases of pile foundations the piles do not reach either bed rock or any 
veiy hard material, hence it is oft^n their side friction that afforda tlie 
main support for the pier and its load. By ignoring side friction on eriba 
fmd caissons an error on the side of safety is genmlly involvedi but this 
is offset more or less by ignoring the effect of impact from the live load. 
Such impact certainly exists on the spans themselves, but probably never 
actually to the extent assumed m the spedfications. Again, the percen- 
tage of impact for a pier would be figured the same as that of a aii^ 
Bpan havmg a total length equal to the sum of the lengths of the two 
spans which the pier supports, hence it would be comparatively small. 
And, finally, the great mass of the pier absorbs vibration to such an ex- 
tent lh:i,t the effect of iinpact upon the pressure on the base must be 
considerably smaller than that on the top of the pier. 

All things considered, it is probable that for ordinary conditions in 
foundations of bridge piers the preceding assumptions are as correct as 
any that can be made; but, when dealing with soils of very small bear- 
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ing capacity, ibe bridge en^neer must exercise oonaiderable iDgeauity 
to obtain proper supporting power at moderate expeose. He will find, 
of oouEse, that after making an assumption of bearing area for any lay- 
Qtti of and pien and aaoertaining that the intensity of presBure 
is too great, the more he enlarges the base the greater beoomeB the total 
load thereon; and for exoeedinn^ hi^ cribs it often seems that there 
Is Tery little use in increasing the area, beoaose the total load augments 
in nearly the same proportion. It is in such eases that one has either 
to oount greatly upon the aid of the side friction or else to adopt some 
unusual expedient of design for enlarging the base witliotit increasing 
materially its total load, such, for instance, as making the piers hollow 
or injecting grouting into the material below and adjacent to the bottom 
of the caisson. 

In 1902 the well knuwn enp^nocr, Dr. E. L. Corthell, made an elab- 
orate investigation of preb^ures on foundations, and in 1907 he gave 
the results thereof to the engineering profession in book form under the 
title of "Allowable Pressures on Deep Foundations." For fuundations 
that gave no sign of settlement he found the following mtensities of pres- 
sure or loads per square foot: 

Oa ins SHid ftcm 4^600 fts. to 11,600 Iba, with an avvnge tot ten (10) omh of 
OiOOOlbs. 

On coaiw sand and gmvel from 4^800 Ibo. to 16,500 ]b>.t wxUi an at«^ 

three (33) caws of 9,S(K) lbs. 

On mixed sand and clay from 5,000 lbs. to 17,000 lbs., with an average for ten (10) 
caM6 of 9,800 lbs. 

On alluvium and silt from 3,000 lbs. to 12,400 lbs., with an average for seven (7) 

On hnd fll^f tan 4^000 flNk to 16^000 9m., with aa Kmagb for aizfeeai (10) cases 

of 11,160 lbs. 

()n haid pan tan 6^000 lbs. to 34|000 Iba., witk an avevagB for five (5) eases of 

17,400 lbs. 

For foundations that hati settled he found as follows: 

On fine sand from 3,r)(X1 lbs. to 14,0()0 lbs., with an average for three (3) cases of 
10,400 lbs. lu the minimum case the bearing was probably uncouiitraiued quick- 

Ondagrtan Q^OOO fiw. to 11,200 Am., with an aven^ps for five (5) eases of 
n400lbs. 

On RntaQdalhiWimitan8,200]ba.tolfi»900nM.,iHthanaven^ oases 

of 9,2(3(J lbs. 

On rnixod sand and day from 3,200 Ibe. to 14,800 lbs., with an avemce for three (3) . 
caaes of 0,600 ibe. 

Of oouifie, every ease of foundatknui has to be judged upon its own 
UttrilB BB H aiises, neverthelaw H is neoeeBary for a bridge designer to 
bm et bead aome inteiuitieB of safe loads for ordinaiy eaaea. For deep 

foundations the author offers the following, which are baaed upon both 

kus own practice and the data collected by Dr. Corthell. 
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Safe T-nari 
par Sq. kX. 



Confined Qni>k.''and. . . . 

Other Fine rfand 

Course Sand and GraT«l 
Mixwl i>and and Clay. . 

Alluvium and tSilt 

Hard day 

Hard-pan 

fiock 



Lbs. 
7,000 
9,000 
11,000 

7,0f¥) 

5,0U0 
12,000 
1S,()()0 
40^000 



For diaUofW foundatioDS the oofmpondiiig intenaitiee of safe loading 
are given in the foUowmg taUe: 

TABLE 886 
Savb Loam on Sbaiajow Vwnmkmm 



Fine Sand 

Coarse Sand and Oravel 
Mixed Sand and CUy.. 

AUavium and Silt , 

Hard Clay 

Uard-pan 

Bock 



Saff Ix ii I 
per Sq. Ft 



Lba. 

r.,000 
8,000 
5,000 
3,000 
9,000 
14,000 



In large constructions involving a great number of pier or pedestal 
bases, such, for instance, as (>l(>vated railroads, it is advisable for eo^* 
nomic reasons to. do considerable experimenting upon earth re^i-t .nee. 
The author made several tests of this kind when building the North* 
western Elevated and the Union Loop Elevated railways of Chieigo. 
A description of the apparatus used and the results obt^ned are given 
in Mr. S. M. Howe's discussion of the author's paper on Elevated Rail- 
roads, which was published in the 1807 TramacUom of the American 
Society of Civil Engineers. 

• In determining permissible pressures on bases of inersy it must not bs 
forgotten that small areas will generally develop higher vaaSt resistanoes 
fii;ui large ones. This is probably owing to tlie side friction, the effect 
of wliicli ui>ou the intensity of pressure reduces lus the area of the base 
increasf*s. This rrducfion, however, docs not apply to test inten«?ities, 
because the bearing lKi.se of the apparatus is suj)|Hised to lie upon the 
surface of the soil tested, hence tli» re is uo side friction developed until 
th< !»as( -inks, and vtTV little even then. 



Jb or side friction in siniuiig cribs and caiasons the author usua^y %- 
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ures on six hundred (600) pounds per square foot, which is ordinarily 
enough for penetrating the l^ecLs of alluvial rivm. Dr. Corthell finds for 
sinking cylinders from three hundred (300) pounds through mud to fif- 
teen hundred (1,500) pounds through gravd, and for sinkuig masonry 
piers from three hundred (300) pounds through sand to one thousand 
(1,000) pounds through mixed sand and clay, with an average for twenty- 
three (23) cases of five hundred and twenty-two (522) pounds. In figuring 
on sinking cribs and caissons one is naturally interested in the greatest 
probable frictional re«stance, while in estimating on bearing capacity the 
least probable amount is what is needed to be known. 

The three principal methoU;s of pier linking which aru in common 
use arc as follows: 

1. The Cofferdam system, 

2. The Pneumatic process, 

3. The Open-dredging process. 

The use of ordinary cofferdams is, or should be, limited to crossings 
where the bed rock is not more than fifteen (15) feet below the ordinary 
stage of wat^, and where there is no great, sudden rise anticipated. 
This method almost always figures low in the preliminaiy estimate, but is 
generally found to run much higher when the total cost of the finished 
structure is computed. The author makes a practice of discouraging 
his contractors from attempting to employ this method, except where 
the conditions are unusually favorable; and thus far his experience proves 
that the advice is sound. CufTcnlarns are Hable to ^^ive troul)lc in sev- 
eral ways: first by leakape, s(H'ond by flooding, and tliird by collapsing. 
If a contractor gets through a large piece of cotTer-dam foundation work 
without accident or trouble of some kind, ho is in great luck. For bare 
bed-rock m()va])le cofTcnlams may be crnployod: but tlicy are trouble- 
some to construct, and are sometimes very difficult to remove on account 
of a deposit of sand or sUt taking place while the piers are being built. 

The pneumatic process for sinking caissons is in most cases the best 
one to employ, the only objection to it being the excessive cost of in- 
stalling the plant, even if one has a complete outfit at his di^xieal. Its 
great advantages are that it enables the contractor to overcome, in the 
cheapest and most expeditious manner possible, all obstacles that may 
be encountered in sinking; and that it ensures the obtaining of a satis- 
factory foundation for the caissons. It can be used for depths as great 
as one hundred and ten (110) feet or even more, although there is dan- 
ger to the workmen when the depth exceeds ninety (IK)) feet. A large 
proportion of the bridge piers which the author has built have been sunk 
by the pneumatic process; and he has no hesitation in recommending 
it as the most satisfactory motliod for most of the cases of deep foun- 
dations which occur in a consulting bridge engineer's practice. 

The open dredging proceed in suitable for very deep foundations, or 
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for putting down caiaaons that are to rest on the sand, or for bed-iock 
foundations that are not liable to great soour. For large piers this proc- 
ess is much cheaper than the pneumatic on account of both the smaller 
cost of plant and the more rapid progress in sinking. In oase^ however 
that obstades be encountered, such as trees or large boulders^ the expense 
for sinking is liable to run hif^, as these obstacles have to be removed 
by a diver or divers, irfuch always involves great espense. The open 
dredging process is liable to abuse by the builders of cheap highway 
bridges, who, in order to save a little in first cost, use it to sink cylinder 
piers of small diameter moderate distances to bed-rock, which may in 
these places be laid bare or nearly so by excesaive scour. With tliis proc- 
ess it is generally not practicable to anchor the cylinders firmly to the 
bed-rock, but with the pneumatic process it is. 

Each of these three metluxls of sinking is treated in a separate chapter 
devoted exclusively to the subject. 

There is still another type of foundation besides those described, via., 
that which involves the use of piles. This may be divided into two 
classes: first, that in which the piles support a timber grillage to sustain 
the shaft; and, second, that in which the heads of the piles are encased 
in a mssB of concrete, upon which the shaft rests. The first method is 
chei^ but objectionable, for the entire support of the pier and its burden 
must be by means of the piles alone; and as these cannot be sawed to 
perfect devaiion, some of them are sure to carry more weight than their 
proper share. Agiun, there is a division plane that is simply an invita- 
tion to shear the shaft from the bearing between the neat work or base 
and the grillage, because the concrete does not adhere at all closely to 
the wood; and there are other planes of division also between the ad- 
jacent layers of timber and between the lower layer and the pile heiuls, 
in which, besides friction, the only resistance to shear is that afforiltHi 
by the drift bolts. As there may not be any of the latter driven into 
the pile heads, and as, if an attempt be made to put them in, some of them 
may miss tluMr mark, it is evidcMit that this tyjx? of foundation is any- 
thing but satisfactory in ciuse tlie |)iers are subject to jams of ice or logs. 
Finally, any soour that there may be in the future is almost certain to 
reduce the bearing power of the piles. It is only inexperienced engineers 
who adopt or advocate this tyjie of construction in bridges of any im- 
portance; because the other type costs but little more and is far mpmx 
in every respect. 

Ju tiie type in which the piles are encased, the pile heads are so held 
toeether by the mass of concrete that all the piles have to act in concert, 
even for eccentric loading, and there is no possibility of the existence of 
ai^ initial improper distribution of load. The continuity between the 
shaft, the base, and the supporting piles forms an integral construction 
which is as truly first-class as such a cheap type of work can be made, 
ill piers of this kind the culling edge oi the crib or box which contains 
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the concrete should go down several feet further than the greatest possible 
SCOOT can reach; because, if the scour ever does go below the concrete base, 
the piles forever afterward will have to cany pfactically the entire load. 
Even if the scoured Bpaee be Med again by deposit, the ntaterial thus 
washed under the base cannot take up any load worth mentioning. The 
piles for foundations of this kmd should dther be driven to refusal by 
the ordinary means or be sunk by vrpXat jets to as great a depth as prac- 
ticable. The methods of driving foundation piles are treated fully in 
Chapter XLII. 

The question as to when pile foundations for bridge piers should and 
should not be used is not always an etusy one to settle; but, in general, it 
may be stated that they should never be adopted where there is any 
real danger of their being scoured out. Of course, in light highway bridges, 
where money for the construction is ver\' limite<l, it may be wholly im- 
practicable to adopt expensive pneumatic or ojx^n-dredgccl piers, in which 
case pile foundations may have to be used, even if some risk be rim; but 
in railroad bridges no cliance of disaster which can l>e avoided by the 
expenditure of any obtainable amount of money should ever be taken. 

To determine with certainty whether a river is likely to scour much 
around the piers of a proposed bridge is a problem requiring experience 
and engineering judgment of the highest order. One should study thor- 
oughly the river both above and below the site and take soundings over a 
long stretch of its length in order to discover whether the current has 
excavated any deep holes. The fact that at a low stage of water none are 
found is no conclusive proof that none ever exist, because the holes that 
are ensavated during flood are often filled very quickly by sand deposit 
as the water subddes. One must study the character tji the river and 
that of its bed in order to determine the liability to scour; and he should 
remember that the contracting of the cross-six*tion b}^ the piers wiW ac- 
centuate any tendency there ma}- be to deepen the channel during high 
water. This question is very fully discussed in Chapter XLIX. 

To make a choice for any bridge between open-dnniged and pile piers 
it is necL'ssary to determine by judgment the lejist absolutely ntiie depth 
for the base of the caisson and tliat for the bcuse of the pile ])ox, also the 
rtMiuisite penetration of the piles l>elow the said box, then proportion 
both piers and compute their costs, the cheaper design being adopted. 
The base of the open-dredged pier should V)e materially lower than that 
of the pile one — say from ten to twenty feet, according to the character 
of the soil and other physical conditions; but the area of the former 
may be less than that of the latter, which has to contain a number oi 
piles spaced not much less than three (3) feet centres, the said number 
being determined by the surmised, or possibly the tested, safe load per 
]»le. It is often difficult to settle in advance of the driving what should 
be the length of foundation piles, and in cases of extreme doubt a fe^ 
cf the longest obtainaMe should first be driven, then any unnecessary 
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projections should be cut oS, af^r which the remainder of the order 
can be placed for the proper groes length, care being taken to keep | 
C9t the aide of aalety, because a pile that is too short usually cannot bo ! 
relied upon to have much bearing value. 

If the base of a pier having a pile foundation lies above the devatioa 
of ejctreme low water, the piles should be either of rdnf orced oonoete 
or creosoted timber, preferably the former. If untreated timber be used, 
it IB possible that air may penetrate' to the portions of the pHes between 
the elevations of pier base and extreme low water and cause them to rot, 
thus letting the pier settle. It i6 also possible that the creosotiiig of ilie 
piles will merely put off the evil day; but it will be to an exceedingly 
distant dniv, — so distant, probably, as to extend into some future century. 

Til pier foundations in salt or brackish waters wiierc the teredo navalis 
or other sea w'orms exist or are ever likely to exist, no iVilcs or other tim- 
ber should be so placed as ever to be accessible to tlieir attacks. If there 
is to be in the future any deepening of the channel, all timber work neces- 
sary to the safety of the construotion should be sunk well below the an- 
ticipated depth of such possible excavation. The author has encountered 
three cases of this kind in bridges that he has built over False Creek | 
for the Qty of Vancouver, British Columbia, In these, oertain pneumatic : 
caisBons bad to be sunk at considerable expeaoae a number of feet into 
the hardest kind of cemented gravel and boulders, in order to faring the 
top of the timber deck of the working chamber bdow the piopoeed bot- 
tom for a thirty (30) foot chamid. The periphery ci the cribs will prob- 
ably in time be destroyed by the sesrworms; but the interior will remats 
intact, as the bracmg timbers of the shelb were removed during the filling 
just before the concrete reached them. 

Occasionally a caisson that is beiu^ sunk through sand or gravel reaches 
such a hard material that it is impracticable to sink into it, and there is 
not enough penetration to afford the requisite lateral stabilitJ^ In such 
a case it becomes necessary to place around the base a mass of both 
large and small stones so as to resist properly all tendency to ovciiurning. 
This was done on one of the piers of the author's Fraser iiiver bridge at 
New Westminster, British Coliunbia. 

Occasion might sometimes arise for building a bridge on a thin crust 
of comparatively hard material overlying a far softer material of great , 
depth — such conditions, in fact, as exist in the City of Mexico. The proper 
way to design the piers und«r these circumstances would be to make them 
as light as possible, canying the shaft down at the usual batter to nssr 
the surface of the ground and spreading it suddenly to large dimCTMBons 
by means of a reinforced concrete slab or by resting it on a large steel grill- 
age encased in concrete so as to protect the metal against rusting. 
this means the total load on the pier base could be epread over such t j 
large area that the intensity of pressure on the soil would be redueed to I 
a safe amount. This type of foundation was originated by the author 
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for important buildings in the City of Mexico early in 1900, and was 
described by him in both English and Spanish in the leading newspapers 
of that City. In 1905 this d(>sfTi])tion was reproduced by Mr. Harring- 
ton in his collection of the author's ''Phixcipai Professional Papers," to 
which the reader is referred. 

In case a pneumatic caisson rest on a soil of insufficient bearing ca- 
pacity, it is feasible to enlarge the base somewhat and thus reduce the 
intenmty of pressure by excavating f>ne at a time and filling with con- 
crete (either plain or, preferably, reinforced) small trenches in the bot- 
tom and extcniding than on each sid^ as far beyond the cutting edges 
as practicable. In this manner a platform of remforoed concrete two 
(2) feet or more in thickness and ejecting about that distance b^ond 
the sides of the caisson may be made to occupy the entire base. This 
c x]x;dient, however, is not altogether a satisfactory one, because the 
soft material will tend to prevent an effective junction of the contiguous 
beimis, and much dirt is likely to become mixed with the concrete, thus 
reducing its strength. 

In foiiruling a j)ii«'umatic caisson on an area of var>'ing resisting ca- 
pacity it often becomes necessary to reinforce the weak places. This may 
l)e done by putting in bags of concrete, mixed rather dry so that the mass 
will not spread unduly, the TUH csMiry moistun; for tlie concrete Ix^ing 
absor))ed from the surroiuuliiig soil. Sometimes a caisson lands on a 
sloping surface of rock that is mucli liigher at one end or side than at 
the other. Here it is necessarj' (nther to cut deeply into th(^ rock at the 
high places or to excavate below the cutting edge to the rock at the low 
places and build up by bags of concrete. Such work often requires great 
care and skill. 

The method of increasing the bearing power of soil by injecting grout- 
ing into it under pressure has been tried more or less successfully on sev- 
eral occasions. Where the material is gravel the scheme works well and 
the grout penetrates outward as much as ten (10) feet; but where the 
material is fine sand the i)enetration is small, sometimes not to exceed a 
few inches. Unfortunately, the method is much more likely to be needed 
for a Siind foimdation than for one of gravel, because the latter material 
at great depths where it is beyond all possil)le reach of scour may l>e 
loa<ie<l to almost any practicable amount witliout causing settlement. 
It is in the soft materials of alluvial streams where enlargement of bear- 
ing areas becomes necessary, and in these the success of the method is 
^roi)lematical. 

A mollification of this method was tried in India l)y H. F. White, 
Esq., Mem. Inst. C. E., who excavated several foundation pits under 
water, deposited in each a layer of broken stone from a foot and a half 
to seven feet deep, and injected grouting into it by means of a two-inch 
pipe. After allowing the concrete thus formed to set, he pum|>ed out 
tli» water and made an examination of the work, finding that the mass 
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was filled fairly well. He discovered that in order to make the mortar , 
flow Batisiactoniy, it was necessary either to mix lime with the cement i 
or to use lime akNM. As lime, in the author's opinion, is not a fit ma- 
terial for bridge construction, he does not consider Mr. White's expeA' 
ment a suooesB. Moroover, it would have been far eadbr and far kss » 
pensm to deposit at the outaet rich bcokeKi-etoiie oonciete by trteue or 
oolb^MlMe bffl Ct This is the author's hoLTsriable mipthod of fiHp>g cai^ 
sons and cribs where the water Is not removed. On p, 373 H eeg. of J»- 
cdby and Dam' excellent book entitled, ** Foundations of Bridsm and 
Buildings ' ' will be found some infonnatlon of iralue conceniiQC the " Gmil* 
ing ProoesB," and the reader is advised to peruse it. 

There is another means of sinking piers that should not go unmen- 
tioncd, viz., the "Freezing Process." It was originated some Ihirty years 
ago in Germany by Dr. F. H. Poetsch, but has never been utilized for 
bridge piers, although there :ire locations where it might be found appli- 
cable. It consists in sinking a number of pipes about five (5) inches in 
diameter and three (3) or four (4) feet apart over an area somewhat 
great(?r than that of the foundation required, driving them as low as 
the final elevation of the base, removing the contained material, placing 
inside them other pipes from one (1) to one and a half (1}^) inches in 
diameter, and forcing down the small pipes and slowly up the large ones 
a freeaing mixture. This oontinued action freezes the ground solid after 
the expu-ation of about a month. By judicious location of the pipm 
around the outside and by insiilat|ing the inner ones neariy to the bottom, 
a shell of sdidified earth is f onned and the water is shut out by the eon- 
flealed base, thus Derauttina the interior material of the aaid tAisJi iq 
be eaally esDcavated in the diy and the pier base to be built in the well 
thus fonned. The process is exoeedinA'' *^ wid is hketj to be exten- 
sive; hence it diould be adopted only wheie the pneumatic an^ 
dredging processes are not apf^oable. The freezing process was patented 
in the United States over twenty years ago, hence the original patents 
have expired and the method is a\'ailable for the use of anyone, unless, 
perchance, later claims for improvements have been granted. 

In roncluding this chapter it is appropriate to mention the extreme 
importance of havinp; invaria))ly for i^ridge piers foundations that are 
safe beyond tlic ])erad venture^ of a doubt; for if the foundation of any 
pier fails, the bridge is ahnost certain to be destroyed, and with it pos- 
sibly many human lives. Unscrupulous bridge contractors are prone to 
slight the foundation work in preference to the superstructure, because 
the former is out of si|^t, while the latter is always in evidence; but if 
they have to nei^eot one portion or the otlieri it would be much better 
to choose the superstructure, as that can generally be remedied, while 
defects in, the foundations are ather immediable cr can be rectified only 
at ezoessively great eatpensei 
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COFFERDAMS 

In confltnicting foundations for bridge^, water is usually encountered; 
so that the engmeer must make provision for excluding it from the space 
to be occupied by the construction, or else must adopt a type of foundar 
tion that can be placed under water. One of the earlier and more com- 
mon means of excluding water from substructure work was the building 
of a wall of earth, stones, or timbers around the space to be occupied 
by the foundation and then piunping the water out. This left the bed 
of the stream exposed; so tliat workmen could clean off the bed-rock, 
or make the necessary cxt avation to reach a solid stratum. 

With the cumulative (xjx rience of bridge builders, many variants 
of this original typ<5 of cofTenlam have been deveiuiK'd. Ind(*ed, devel- 
opment has proceeded so far in some lint's that the resulting type is no 
longer classified as a colYerdam, ljut .'is an oix'u cril> or a pnemnatic cais- 
son. The distinction that will be made in this chapter is that of per- 
manency of position; the cofferdam retaoains until removal as first placed 
in poeitiony wiiiie the op^ crib and the pneumatic caisson sink into final 
position as excavation proceeds and eventually become a part of the 
permanent structure. 

Cofferdams can be used advantageously for shallow crossings where 
the bed-rock is near the surface, and where no great, sudden rise in water 
level is anticipated. There are instances of cofferdams being successfully 
used for depths of thirty-five feet, but the author recommends that thdr 
adoption should generally be limited to fifteen feet, unless steel sheet 
piling be employed. 

The various tyjycs of cofferdams arc as follows: 

1. Earthen dams fur sliallow water and sluggish current. This tj'pe 
requires a relatively large amount of material to shuk; staliility and im- 
perviousness. It invariably occupies a larg(» sj)ace for the amount of 
work room afforded, and should l)t' cousiderrd only when there is plenty 
of area available and when material is close at hand which can be readily 
obtained and cheaply placed. 

2. Kock dams with earth filling and covering to prevent leakage. These 
have the advantage over strictly earthen dams, because the same stability 
can be secured with a smaller cross section and a consequent reduction in 
the amount of material used. This, in turn, means more work room for 
the total space occupied and generally involves a reduction in cost. 

3. BagB filled with clay and sand and deposited in an orderly wav 
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on top of each other so as to form a wall around the space to be occupied 
by the foundation. This inethwl has l)ocn employed with succc^^i. 
Mention should l)e made of the pos.sibinty ol rt moving these bags of earth 
and using them over again at another foundation. 

4. Log cril)s, made directly from felled tiiiil»( r and surrounded on the 
outside by a r;iinp of earth. These arc adapted fur some locations where 
timber is plentiful and suitable efirth is convenient to the bridge-site. ; 

5« Dams made by driving a row of sheet piling around the space to 
be occupied. This typo is suitable for locations where l)ed-rock is over- 
laid with a softer mat<^rial that can hv penetrated by the pile without too I 
hard driving. The piles may be of the wooden tongue-and-grove tiypo 
or of the interlocking steel type. With the latter it is possible to go to 
greater depths. There are some oases on record in which sixty4oot 
depths were attamed. 

6. Dams made by driving a double row of sheet piling and filling the 
intervening space with a suitable earth puddle. This dam is better 
adapted for great depths where the lateral pressure is too much for tlie 
single row of piles. 

7. Reinforced concrete crib, having double walls to secure buoyancy, | 
made on shorcj and then floated into place and weighted until it binks 
into a previously prepared beil of clay which seals the bottom. 

8. n.ims made by freezing a wall of water in situ. In addition to 
its low cost, the ice dam i> comparativeh' free from the danger of a blow- | 
through; and the leakage is re<lu<-ed to a minimum. 

ShouUl the engineer decide to atlopt the cofierdam system in prefer- 
ence to the pneumatic or the open-dredging process, there yet remainiS 
the question of what tyi>e of cofferdam it is best to select. In making 
a choice one must take into consideration the nature of bed-rock or other 
foundation; the OVerljring (U'posits of silt, clay, or gravel; the avail- 
ability of the various materials and their costs; the probability of floods 
and ensuing damage to structure; the obstruction of the stream and 
interference with navigation; and the possible consequential darosges 
to property owners near the works. 

Dams of the first four typ s involve the use of earth to shut out water. 
Unless a puddle wall is provided, earthen dams must be made of suffi- | 
cicnt extra width to withstand saturation and prevent 8e( p:ige. The 
slojH' of the faces should be three horizontal to one vertical in order 
to secure stal)ili1y for the saturated mate:rial; and tlie top uf the e:ulh \ 
dam shouki be two or three feet higher than the w«»rking stage of water. 
The best j)uddle material is a lightish loam mixed with fine gravel or 
coarse sand. ( lay should have sand mixed with it; !<»r otlierwi-e it will , 
absorb too much water and then shrink and crack when it drit - out. ' 
Again, a leak in clay does not mend itself as it chx's in the other materials- 
Top soil, l)ecause of the rtMjts an<l vegetable matter cont^ained, is not 
suitable for shutting out water. Puddling should be placed in Jayeis 
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about a foot thick and worked ovrr with stiflficicnt watrr to form a plastic 
mass that can \jc packed and crowded into ail corners, cracks, and openingJ^. 

In coa^^tructing a dam of type No. 3, care must be taken not to fill 
the bags too full or th^ will not pack well and will not make a water- 
tight dam. The thickness of the wall must be Mdjusted to cnrre.spond 
with the depth of water. As a guide to one's judgment in deciding this 
pointy the wall may he considered as being composed of a material weigh- 
ing forty pounds per cubic foot and tested at any assumed section both 
for stability against overturning and for sliding. The coefficient of friction 
may be taken as 0.5. 

T^-pe No. 4 permits of a vertical inside face being obtained without 
expensive construction. This is desirable, as it reduces the total space 
occupied by the cofTerdam and involves less water to i)unip. The crib, 
which can be eortstructed on shore and floated into place, should be made 
somewhat lar^;(T than the ft)UiulaUun so that sufficient clearance will 1)C 
allowed for })o.s.sible distortion and displacemcut during the process of 
hx atiiiK and for working room for the suction hose of the pump and 
for l)uildin^ the bn>^<> of the coiLstruction. The ])laci]i<!: of tlte earth ramp 
around tlie crili .ifU r it Iuls l)een lowere<l into hnal position should pro- 
ceed fairly uniformly on all four sides so that there will be a balancing 
of pressures. This ramp of earth must be of sufficient thickness to pre- 
vent any seepage from starting; for if percolation should commence, 
it would carry out the fine particles of soil, thereby causing a n^idly en- 
larging hole and a corresponding flow of water. The minimum width at 
the top of the ramp should be three feet. In estamatmg the amount of 
earth required, it should be remembered that the angle of repose for 
saturated day mixed with sand is only about half of the angle that exists 
with the same material dry. Interior bracing will be required to prevent 
distortion and possible collapsing of the crib. This bracing is usually 
made of horizontal struts arranged in tiers and held in place by wedges 
driven between their ends and vertical timbers that distribute the pres- 
sure of the individual logs. As the base of the construction is placed, 
tlie lower struts can be removed by luiucluiig out the wedges from time 
to time as the work ])rogresses. 

CutYcrdiims of tyi)e No. 5 have to be constnicted in {)lace. To make 
it feasible to drive sheet piling, a suital)le frfinie work has to l>e prepared 
at tiic site of tin' pic r. Tliis frame work may consist of liorizontal wales 
bolted to romid piles driven into tlie materiiil overlying the foundation, 
or it may consist of a skeleton crib floated into place and weighted down 
into the river bed. Where the overlying material is insufficient or too 
soft to give stability to the guide piles, the skeleton crib is to be used. 
Until the advent of the tongued and grooved sheet pile of the Wak^eld 
type, separate planks were driven as close as possible to each other, making 
an enclosure around the previously prepared guide frame. To reduce 
leakage, additional planks were driven outside to cover the craeksy or a 
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double row of planks wa.s put clown so «as to overlap the said cracks. With 
the beet of care in driving, the pUnke do not close up tight enough and 
the operation usually ends by resorting to a canvas covering or an em- 
bankment of earth. The introduction of the Wakefield sheet pile gave 
more aatiafactory results as far as the vertical cracks were ooneeroed; 
but| owing to irregularities in bed-rock, considerable leakage sometimes 
occurred at the bottom. This can be reduced by sharpening the piles en 
the edge and doing a little extra driving so as to broom the bottoms and 
make a better fit with the rock. 

Unless there is an overlying plastic material to give proper penelr*- 
tbn to the pile, it is more satisfkstoiy and chei^ier to use an open crib 
or box, as described further on. 

The double row of sheet piling with puddle between has also to be 
constructed in plare. Unless there is an overlying material to afford suf- 
ficient penetration to fix the bottom ends of the slicet piles, much diffi- 
culty is encimiitcrcd in bracing the outer row of i)iHng to the inner. This 
condition is Ix'si met with the crib construction referred to in the previoiis 
paragraph and doscril^ed later on. However, shouhl there bo a suitable 
material for holding the bottom ends of the })iles in position, tlie engineer 
should proceed to build the g\iide frames for both inner and outer rowB 
of piling. The piles should be siiarpened to a bevel on the bottom edge | 
so that there will be a tendency to close up on each other during the 
driving. The amount of space to be allowed Ix^twcM^n rows of piling will 
vary inversely with the degree of stability afforded by the guide frames 
and with the amount of workroom needed for derricks, pile drivers, and 
other equipment. A comparatively thin wall of puddle when property i 
made of suitable materials will provide against leakage. Puddle waOs 
only four feet thick have been successfully used against heads of thirty- 
five feet; and for the greatest limiting head recommended at the begin- 
ning of this chapter a two-foot puddle wall/ if properly supported, will 
prevent the percolation of water. The practical difficulty is to prevent 
subsidence and rupture of the puddling. A through bolt, or timber 
brace, or any smooth surface invites tlie i)assage of water, which, when 
once established, (•:tuses a lar<jer <)p<'nin<; and an inerejusing flow. 

For 8toj)j)in^ a leak, the method known as "stock ranuning" is effec- 
tive. It coiLsists in the lK)ring of a three- or four-incli hole throiigh the | 
sheet piles in the vicinity of the leak and pushing into the \\n\v a i)revi- 
oualy prepared cylinder of clay which is to Ix? rammed in tight with a 
specially constructed rammer. This rammer is made of a pole fitting 
the hole easily and provided with a leather Hap at the foot. A hole bored 
lon^citudinally in the rammer, leading from the leather fiap to a cross 
hole some tw^ty or thirty inches farther back, provides access for the 
air when withdrawing the rammer, thus overcoming the suction. 

Many of the objections to cofferdams as a means for oonstmctiog 
fotmdatiops have been overcome within the last fifteen years by tha 
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introduction of steel sheet pilinp^. They will stand hard driving; and 
being harder than many bed-rock strata, they can be driven into such 
bed-rock a sufficient distance to fix firmly the bottom ends and thus 
stop the underflow. Being formed so as to interlock with each other, 
the Tortical joints can readily be made water-tight by insertmg wooden 
stripB, sawdust, or paper pulp, or by pouring in a coarse grout. As they are 
of superior strength to the wooden dieet ]»les, the need for bracing is 
much reduced. The inta*locking feature also renders unnecessary' the 
horizontal guides; and they can be driven to conform readily to the 
various shapes of different footings. Tlioy cim he pullt'd out and uaed 
over again many times on the same and other jobs. 

The application of reinforced concrete to (otierdam construction has 
boen proposed. As early as HMH;. it wns considered <ms a means for closing 
Uiv ouUt basin of Port La Kuciielle. A desi^i and estimate were made 
and tlie cost was compared with that for a timl^er eofVerdani. The com- 
parison showed that the latter was the more expensive. It was proposed 
to construct the reinforced concrete dam with double walls so that it 
could 1)€ floated into place and weighted down until it sank into final 
position. Another novel type of cofferdam to be constructed by the 
freezing process was proposed for this work. The plans called for the 
freesing of the water in silu and maintaining the ice until the comple- 
tion €i the job. A comparison of estimated costs indicated that this 
method was cheaper than dther the timber puddled cofferdam or the 
reinforced concrete cofferdam. In the freezing process it is necessary 
to enclose the wall of water in a sheeting of non-conducting material. 
Which of the three competitive typf<3 of cofferdam was chosen the author 
has been unable, after much search, to determine; but the comparison 
is just as interesting notwithsluii<linj;. 

There is another type of construction which serves the purix)se of a 
cofTerdam, thougli strictly speaking it should not l)e included in that 
chtss. This is tlie crib, or open box, used in connection with pile foun- 
dations. '11 ic author has enii)lnyed this exti'iisiveiy even in some im- 
portant st I III hires when conditions w^ere favorable. 

The crilj t^pe does not depend on a packing of earth to make it water- 
tight. Being constructed of sawed timber drift-l>olted together, the 
cracks and joints are small and can readily be caulked with oakum from 
the outside before the crib is launched from the shore. In shallow water 
this is sufficient, but further imperviousness can be secured sigainst the 
higher heeds of water by sheeting the outside of the crib with tongued- 
and-grooved planks nailed on vertically. Heavy canvas is sometimes 
used for the outer covering, a wide flap being left at the bottom so as 
to fit the irregularities of the bed of the stream and check the inflow 
of water. This flap is weighted down h^ attaching a heavy chain to the 
edge of the canvas before the crib is launched. Care must be taken to 
have the flap extended horizontally outward from the crib when it lands 
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upon its bed. This crib will rociiiiro removable internal bracing. For 
pile foundatioDB this type of cofferdam is veiy suitable. After the neo- 
essaiy e»»vatmgaikldeaiimgout have been done, the crib can be flooded, 
thereby reducmg the lateral preesures, and then the piles can be drhm 
through water, cutting out the expense of pmcqiing for that period. After 
the piles are driven, short struts should be placed between the pile heads 
and the walls of the crib as the water is a^a in i)iimped out. Thu pennite 
of the removal of the longer struts originally placed and gives more work* 
room for final cleaning out and concreting. It will be found that the 
driving of the piles displaces the soil or p;r:ivt'l upward so that it vnW U; 
iwvv^siivy to take out some more material to reach the desired elevation 
for the bottom of the concrete base. This is especially true if a water 
jet l>e us{hI in connection witli the driving of the piles. 

If the crib shoultl land on tin impervious layer, so that the bottom 
edge penetrates the soil somewhat and shuts off the underflow, it can 
be pumped out and the concrete can then be placed in the dr}'. How- 
ever, should the crib land on a pervious stratum, the water will flow in 
at the bottom, so that continuous hard pumping would be necessary to 
keep the water level down. The placing of concrete imder such unfa- ; 
arable conditions is to be avoided, for the current created the pomp- 
hig will cause a serious loss of cement during the entire process of depoei- 
tlon. Seldom can the pumping proceed continuously; hence the flood- 
ing of the fresh concrete due to any shutting down oi the pump mum 
stopping the work to allow the concrete to harden, or to draw off the water 
again and with it a portion of the fresh cement. To overcome this difli- 
culty, the water may be allowed to stand in the crib at its norma! levd and 
the concrete may be deposited through it by means of a tr^mie or a trap 
box. ()\ving to the pile heads projecting uj)ward into the crib, there is 
little ro(»ni to work the latter properly; hence the tr^mie is preferable. 
Unless care be taken, the tr^mie will frequently lose its load and ha\*e 
to be recharged by dropping into it fresh concrete through the water, thus 
causing a certain amount of segr'^gation of the sand, cement, and rrnk 
If a trap box is employed, it will fre(|uently catch on a ])ile heail and U' 
upset, thereby pennitting the load to fall through the water and induc- 
ing segregation. The result of either difi&culty is the loss of homogeneity 
in the concrete and a resulting decrease in the strength of the base. These i 
troubles and defects can be obviated by building the r rib somewhat larger 
than the footing, so that a smaller form can be placed inside of the crib, 
thus leaving a nine to twelve inch water channel on the four sides be- I 
tween the inner form and the crib. A sump should be dug in one comer ' 
of the crib for the strainer of the suction hose. If this sump b deep 
enough and if the capacity of the pump is sufficient, the water level can 
be kept down to or a littie below the top surface of the bed of gm^ 
80 that the concrete can be placed in the dry within the inner fonn. As i 
the lower layers of concrete set up sufficiently to resist wash, the water j 
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Imei can be allowed to rise gradually, thereby decreasmg the duty of 
the pump. This method permits of each batch being deposited in full 
-view of the supervising engineer, and no uncertainty can then arise as 

to the quality of the concrete. 

After the cofferdam is completed, it becomes necessary to pump cnit 
the water so that the foimdatiun work may proceed. Where lar^e vol- 
umes of w.'ilcr are to be raised against low licads, tlie ccnlril'ugal pimip 
is the bc.-t kind, especially as it can opcrat<' with consiclcrablo srmd and 
silt in tlic water. This type of pump must be kt'pt running al>ove a cer- 
tain critical speed or it will lose its priming. For a limited amount of 
wateii the pulsometer is best adapted. The height to which it can lift 
water is practicaliy unlimited. It can be hung inside the co£ferdam or 
crib and does not require much room. 

The difficulties usually encountered in the cofTerdam method of plac- 
ing a foundation are many. There is the constant leakage to be removed; 
for it generally requires too large an expenditure of tune and money to 
make cofferdams absolutely water-tight. There is the constant danger 
of floodmg with its damage to a partially completed substructure, ns well 
as a halt in operations. There is also the possibility of collapse with 
consequent damages and often with the loss of life. Even steel sheet 
pile cofferdams have failed in this manner. The usual unevermcss of 
l)eci-rock and crevices in the same make it difhcult to shut out the water, 
if there is much head to work against. If bed-rock is absent and the 
substructure has to rest on a gravel formation, tliere will be a large influx 
of water from the bottom, requiring a large pumping capacity and con- 
stant vigilance to keep the water down so that oi)eralions can be carried 
»>n uninterruptedly. Should springs be encountereil in the bed, it would 
be best U) let the crib fill jind then dejxjsit some concrete under water 
in order to seal the bottom. This concrete should allowed to set sev- 
eral days before pumping out the crib. In case of small springs it is prac- 
tical to pipe their flow away to a sump liole and then deposit concrete 
over the pipe leaving it embedded therein. Under no circumstances 
should the flow be allowed to go unconfined and spread through the mass 
of concrete, thereby washing out cement and leaving bare surfaces and 
Acakened bearings in the interior of the base. 

As conditions are seldom alike in any two cases, it is impossible to 
ay without a special study of all of them at a particular crossing what 
the cost of the cofferdam method would likely be. As stated in the pre- 
ceding chapter, this method nearly always figures low in the preliminary 
estimate, but is generally foun<l to run much higher when the total cost 
of the finished stnuture is coin})uted. Wliile it is possible to calculate 
with reasonal)le precision the original amount of material and labor en- 
tering into the constructitjn of a cotYerdam, one cannot foresee how many 
times such matiTial ami labor may have to be replaced; lience in any 
cofferdam e&timate it is well to allow a large percentage ior contingencies. 
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The guidinp: principlo- in selecting a type of cofferdam should \ye to 
make the cost of construction, maintenance, and pumping a minimum^ 
provided, of course, that the desired excellence of the peraianent oon- 
struction be attained. 

While the author has used In his practice all the preceding types of 
cofferdams very extenmvely for small bridges and for the approaches to 
large ones, or, more strictly speaking, has countenanced his contractors 
in so doing, he has nearly always avoided employing any of them for 
the foundations of large structures. A notable exception was his Mau- 
mee River Bridge near Toledo, Ohio, where all the piers were put in by 
means of inoviible cofferdams, the conditions there being specially favor- 
able for that tj'pe, for there was almost no sand deposit, the rock was 
nearly bare and always at a dopth smnW enough to render inconsiderable 
the risk of serious trouble, the ]>iers (with the exception uf the pivot- 
pier) were alike, and the distance to bed-i-ock was practically uniform. 

If there be any choice between the employment of open-dredged 
boxes or cribs, either with or without piles, as described in the preceding 
chapter, and any one of the various types of cofferdam, the author will 
adopt the former; because it is generally much more reliable and in the 
end less expensive. There are conditions, however, where it ought not 
to be used, for instance, when the bottom is irregular in either form or 
hardness — or both, or where trouble may be anticipated in sinking the 
box to a satisfactory depth without pumping out the water. There are 
cases, though, in which the box can be sunk far enough into a water- 
ti|^t material to permit of its being puin^K d out and the excavation 
continued in the dry without further sinking. This was done on several 
of the author's British Columbia bridges, including some over the 
Thomjjsou lliver— a stream that is both difficult and expensive to bridge 
lu'cause of the varying and irregular characteristics of the bed, the 
pre\ aicnce of boulders, and the occasional extreme hardness of the clay 
encountered. 

Anyone tirsirous of studying further the subject of cofferdams, or, 
for that matter, any other branch of bridge pier foundntions, is advised 
to read the third edition of C. E. Fowler's excellent work entitled a "Prac- 
tical Treatise on Sub-Aqucous Foundations." It contains a vast fund 
of valuable information upon substructure work in general. 
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This chapter will be limited to iho consideration of open-dredging as 
applied to deep foundations, and will not cover cofferdam work, shallow 
foundations, or open-dredging for pile foundations. 

The method b suitable for two conditions only, viz.: 

FirsL Where the foundation is too deep to be reached by the pneu- 
matic process, and 

Second, Where the foundation at the depth desired to be attained 
is sand, gravel, or other hard material that is protected thoroughly against 
scour. 

The advantages of the open-<lredging process a? compared with the 
pneumatic process for deep foiindatiuns are as follows; 
FirsL Greater cheapness liecause of 

A. No exjK»nsive pneumatic machinery to purchase, ship to and 
fro, and keep in repair. 

B. Ko c'X]H risiv(' sau(l-}inp:s to employ. 

C. No (lant^er to workmen from compressed air. 
T). (Ireater daily proj^ress in sinking. 

Srcond. Greater depth obtainable. 

■ 

Third. Greater effective weight for sinking; because the upward pres- 
sure of the air in a pneumatic caisson, which is about equal to the weight 
of the water displaced by it, acts as a direct decrease of the effective load 
for overcoming friction. This remark applies specially to piers of small 
area. 

Its disadvantages are as follows: 
FirsL Uncertainty about the removal of obstacles. 
Second. Possible expense of having to employ a diver. 
Third, Impracticability of sinking into bed-rock. 

While in most cjisea of deep foimdations where there is any choice 
Ijetween the op* n-dredjrin^ pruci -s and tlie pneumatic process, the former 
is likely to prove the cheaper, it is wiser not to adopt it unless the final 
hearing })e sand or grav(4; because it is better to pay a little more for 
the certainty of sinking which the pneumatic prorc-- ( nsurcs. Again, it 
would not be good engineering to adopt the open-dredging process for a 
rock foundation that is eiisily reachable by the pneumatic process, be- 
cause the cutting edges of the cais.sons would be alnK)st certain to take 
an uneven bearing on the rock, and this could not be rectified except by 
the use of divers at a great expenditure of time and money. Moreover, 
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if tho bed-rock is liigher on ono side of tho rnissou than on Iho other, it 
is liable to cause a tipping of the pier, which is very difficult to overcome 
in such cases without the aid of compressed air. The open-<lrcdgiDg proc- 
ess is specially suitable for caissons of bridges to be built in foreign coun- 
tries, where the cost of sliipping the pneumatic outfit to and fro would 
be large* and where the repairs to it would be slow, expensiye, and diffi- 
cult to make, provided, of course, that the foundation conditions are 
satisfaotoiy. 

It is difficult to give the comparative costs per cubic yard for Budung 
caissons by the open-dredging ami the pneumatic procesBcs; for so much 
depends upon the magnitude of the construction, the location of the 

brid^re, the proportion of actual excavation to total mass of cribs and 
caissons, the nature of the materials penetrated, the amount and char- 
acter of obstructions, and various otlier conditions. Under the most 
favorable circimistancc^ for the oiKUHlrcdgin^ ])ro( < the actual cost of 
sinking per cubii* yard of mass of cribs and caissons is about one-half (^2) 
of that for the pneumatic process; for fairly good conditions it is from 
two thirds (?^) to three-quarters {^i); for unfavorable conditions it is 
about the same; and for unusually bad conditions (such, for instance, an 
many large logs encountered) it is sometimes more expensive. 

Open-dredgiiig caissons can often be simk eight (8) feet per day, wliich 
is about as fast as the cribs can be built up, while one-half of that amount 
is a good record for pneumatic work. The actual sinking by open-dredg- 
ing often costs only two (2) or three (3) dollars per cubic yard ef maes, 
while five (5) dollars per cubic yard is a fair allowance for the pneumatic 
process* 

The open-dredging proce&s for deep foundations has been in use only 
alK)ut tliirty years, the oldest (xaiiiples of it being the Poughkeepsie 
Bridge over the Hudson Ki\'er, where a depth of one hundred and thirty- 
four (134) feet below hi<r)i water was reached, the Morgan City Bridge 
over the Atchafalaya Ivim r, wiiere eight (8) foot cyHnders were sunk 
to a depth of oiw luiiKlrctl and twenty (120) feet below liigh water, and 
the Hawksbur>' River Bridge in Australia, where the remarkable depth 
of one hundred and sixty (160) feet was attained. 

Probably the greatest depth ever reachetl was on the bridge over the 
Ganges River at Sara, India, iho cutting-edge of one of the piers for this 
structure landing one hundred and sixty (160) feet below lowest water, 
or one hundred and mnety (190) feet below hiji^ flood levd 

The engineer m this country who has empksyed the open-dredging 
process for deep foundations the most often and most successfuUy is prol>- 
ably the author. He first used it in the early nineties on the Missouri 
River at Sioux City and at East Omaha. In the former case the depth below 
high water attained was one himdred and ten (110) feet, aiul in tlie latt<^r 
one hundred and forty-two (142) feet. About 1900 he emjiKned the 
procefiis for bridges over the following important rivers on the line of the 
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Vera Cni« and Pacific Railway in the Republic of Mexico: Papaloapam, 
Tesechoacan. Colorado, and Trinidad. In these cases the fuuiK hit i((ii.s 
were sand and gravel, with no bed-rock discoverable by the l)oring outht; 
and the depths below < xtreme low water averaged about fifty (50) feet, 
being -uflicient to ( n'^un the piers against all possil)le scour. 

In HK)2 anrl 190o the .lutlior engineered tiie building of a bridge over 
the Fraser River at oSew \\ estuuiLster, British Coh:ml)ia, in which sonic; 
of the piers were sunk l)y o|K.>n-dredging to a depth of one hundred and 
twenty-seven (127) feet below extreme low water, or more than one hun- 
dred and forty (140) f • < t below high water. 

In the Oregon and Washington Railway and Navigation Ck>mpany'8 
vertical lift bridge over the Willamette River at Portland, Oregon, de- 
signed and en^neered by the author's finn under the dhrect supervision 
of Mr. Harrington, the two main piers shown ui Fig9. 40a and 40b were 
mmk by the open-dredging process under great difficulties. The depths 
to which their bases had to go, viz., 132 and 145 feet below low water, 
rendered the open-dredging j)iocess obligator>'. In plan, each caisson 
was 3r) feet X 72 feet. The Inirings showed a bed ol ( « mented gravel and 
boulders amply solid for a foundation; but, unfortunately, it was far from 
level, in one ease there being a (.lilTer(>nc(' of elevation of nineteen (ID) 
feet between tlie diiigonally op])osite corneis of tlie caisson. Before any 
sinking was attempted, the foundation was i)repared by Itlasting to re- 
ceive the caisson. Holes, spaced six (0) feet c(*ntres over an area som(!- 
whiit greater than that of the caisson, were put down about six (6) feet 
at a time into the hard material, then blast (>d so as to loosen the gravel; 
and this operation was continued for each hole until a depth exceeding 
by two feet that of the final position of the caisson base was attained. 
It was neccssaiy first to drive a four (4) inch pipe so as to shut out the 
flow of silt, then to put down another three (3) inches in diameter inside 
of the first one. The pipes were sunk by a 3200 lb. hammer dropped 
from four (4) to twelve (12) inches per blow. *A cross-bit drill attached to 
a two (2) inch pipe was used to penetrate the gravel and was followed with 
th(^ case-pijx^. After a penetration of about six (ti) feet into the unl)rokcn 
mass was reached, a lliiily (30) pound char«:e of dynamite was lowered 
to the bottom of tlio hole, and the pijH' wa^ wilhdjawn to about three 
(3) feet al)ove tlie charge, so as to be out of danger, then the <'\plo^ive 
was fired, the casmg was again driven, rmfl the same oi)erations weie re- 
peateti until the desired depth was reaeheti. it was found necessary 
to weight down tlie dynamite charge so as to prevent its being lifted when 
the pipe was pulled. A water jet was employed in the usual manner for 
cleaning out the pipes. During the sinking of the caissons it was often 
found necessary to put down holes about one foot outside of the periph- 
ery and blast the gravel into the partially excavated interior of the 
chamber. 

CaisBona to be sunk by open-dredging are usually built either of timber 
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or of steel. The advantages of timber are generally che^mess nnd s.i\-ing 
of time in procuring the materials; while the sole advantage of steel is the 
greater effective weight for sinking that it affords. It is, of oounw, oon- 
eeivable that in certain localities steel would be K^nwpet than timber, 




Canlvr Longimdinal 
Can^B Edge. 



Out«ideLonattwdk«| 



Open-dredging Caisson and Cofferdam for the O.-W. R. R. & N. Co.'a 
Bndge <nrQr the WiUamette River «i Poftbod, Oraw 



luit it is a very unlikely condition. It is much more j)r<)l>:ihlo that a cao« 
!nii!;ht arise whoro the luetai is more readily procurable than the timbcir; 
but this, too, is unlikely. 

As for the question of durability, any sound timber (with posisibly 
a few exceptifms, such as cottonwood) continuously submerged in fresh 
water will last forever, and steel in like conditions oonodee yety akiwly. 
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In salt water the timber is liable to \w destroyed by soa-wonns; and, 
therefore, the caissoos should be so de:ii|giied that the destructioo of the 
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Fig. 406. OpeD-dredjrinpr Caij^son and CofFerdam for the O.-W. R. R. & N. Co.'s 
Bridge over the Willamette River at Fortlaud, Ore. 

wood will not injure their strength This can be accomplished by sink- 
ing the tops of the wooden decks so far below luud-line that the greatest 
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possible scour not expose them, and by leinovinp the Ijracing timbers 
from the ciib as the concrete reaches them, although no serious damage 
would occur were they left in, for the concrete would arch over the open 
spaces left by the destroyed wood. The author adopted this metliod of 
protecting against the ravages of the teredo in the various bridges that 
he built in the City of Vancouver, British Columbia. It was also used 
1^ him in the Boca del Rio Bridge, which was built within a few yards of 
the Gulf of Mexico near Vera Cms. 

To protect against the corrosion of sted in caissons sunk in salt water, 
the detailing must be so designed that the concrete is nowhere wholly 
separated by the metal, tluis leaving the mass i)raetically monolithic. 
It will icquirc some care tu build steel caissons in this niauiuT; but it 
cnn \)v done — and certainly it should be. It would In; a wise precaution 
so to build thf'm for sinking in frfsli water also, in order that, if centuries 
henre the steel is seriously rorrn(lt (l, no disaster will result. As far aS 
the author knows, this dc.snderaluin luis not yet l)e<'n attained. 

Reinforced concrete caissons for open dredging have been successfully 
employed upon some of the work of the aui ' Mr s firm. In the case of 
the reinforced ronerete arch across the Blue Kiver at Fifteenth Street 
in Kansas City, Missouri, reinforced concrete shells were sunk to a depth 
of about (00) sixty feet. These shells, or caissons, were rectangular in fonn 
and were divided into three chambers by cross walls, and the lower edges 
of the sides were tapered to produce a cutting edge effect. About two 
and a half feet from the bottom a large recess or groove was moulded into 
the interior faces of all these walls; and when the caisson had landed, a five 
(5) foot deposit of concrete was placed in the bottom. This layer of 
coiicnte dovetailed into the groove just mentioned and thus became a 
fix('<! hasc cuntinuous over the entire eaisxm. Tiirse c'hanil)ers were then 
iWivd with saud to provide the additional weight and stability n»quir<'d. 
Movable forms were used iu buikimg the caisson. The walls of the form 
were held in place by bolts screwing into special nuts buried in the eou- 
erete close to the face. By mLscrewing these bolts the form was freed, 
after which it could i)c moved upward for the next layer, the bolts being 
screwed into a higher set of nuts pre\nously placed. 

Modern caissons are made rectangular, square, or octagonal in crOBS- 
section, the last fonn being often adopted tot pivot-piers ai swing-bridgea. 
There seems to be some douM as to whether the saving in volume by 
the smaller section of the octagon as compared to the correepandiiig 
square is sufficient to compensate for the extra cost of framing the ex- 
terior timbers; but those who are best posted on such matters are con- 
vinced that the net saving is considerable. It is only when contractors 
are paid by the cubic yard that a plea is made for the use of srniare cais- 
soiLs to support jjivot-picrs. If they were paid i)y the lump sum and the 
choice were left U) them, they would certainly ado|)t the octagon. 

Metal caissons are generally circular m cross-section; but they are 



Digitized by Google 

I 



OPBN-DBEDGING FBOCEB8 



sometimes made rectangular with semi-circular ends. The latter seetioii 
is objectionable because of the tlifficulty iu stiftemug it properly without 
cutting up the concrete too much. 

In ckoular and octagonal caii^ons there is a central well for the pur- 
pose of excavation; and in the other caissons there are generally two 
(2), but sometimfis throe (3) wells. The sise of any well is governed by 
the following con8iderati<»iB: 

FtTBf. It should be made big enough to permit the largest dredge 
used to pass down and up readily. 

SeeoncL It should generally be made as small as practicable so as to 
obtain the largest possible weight of concrete in order to overcome the 
l^eatest friction that is likely to be encountered during tlu^ sinking. 

Third. It should not be made so small that the distance between 
the cutting edge of the caisson and the reach of the bucket is so great 
as to permit the material to resist caving; because that would entail 
unnecessary' laV)or and expeiLse for jet ling. 

In designing all caissons tliere should always l>e made an allowance 
for a possible error of linal position, because the sliaft of the pier must 
be located properly, even if it be eccentric to its supporting crib and 
caisson, l^sually an allowance of one foot all around the base of the 
shaft between it and the inner surface of the colTerdam will suffice, al- 
thou^ contractors who are paid by the cubic yard often daim that there 
should be more leeway than this. In case of very narrow caissons it 
might be well to increase the amount somewhat not only for the sake 
of stabilify but also because long, narrow cussons are difficult to sink 
to exact position. For cussons to be sunk to great depth and through 
quicksand it is advisable to increase the play allowance — possibly to as 
much as two (2) feet clear all around; but this uught to bo a luaximum, 
if proper care is taken during sinking tn j)r«'vent the caisson from getting 
out of position. It is true that in sinking one of the caissons <>l the liawks- 
bury River Bridge, it was landed some five (5) f( ( t out of place in a di- 
rection traiLs verse to the lenglh of the superstructiu-e, thus necessitating 
a corbeling of the shaft; but tht trouble was due to an uimecessar>' flare 
in the metalwork near the cutting edge. There used to be an idea preva- 
lent among bridgemen that all caissons should have their sides battered 
in order to facilitate the sinking; but this is a fallacy, because such a 
hatter renders the keeping of the mass to correct position extremely diffi- 
cuh; consequently nowadays all cribs and caissons are built with vertical 
ndes. 

Timber caissons in most cases should be provided with steel cutting 
edges grmly attached to the wood; and in steel caissons the metal at the 

bottom should be drawn down to a blimt cutting edge. This is to en- 
able the pcTiphery of the l)ottom of liie lx)x to force its way through 
small logs and to push aside moderatelv large boulders that may be en- 
countered during the sinking. Of couiise, if it is almoiat certain that no 
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serious obstnietions will be met with, the steel cutting edges mtkj be 
omitted from timber caissoDs; but such omissloa mi^^t involve serious 
loss and delay. 

The batter of the interior of the chamber (which corresponds to the 
working chaml^er of a pneumatic caisson) should Ix* such that the ma- 
terial will he readily forced fnau the ( xtorior toward the centre, where 
it will be rcachwl by the dredges. Suine ciiL;iiieers contend that the tim- 
bers should V)e st(»pped off so as to avoid tlic splitting effect of the wtnige 
planes tliat exists where the chamber is lined with planks; but otlicrs 
claim that it is better to provide the planes so as to facihtate the flow 
of the material, and that the concrete or grouting placed below water 
' will fail to fill the comers of the offsets where the stepping off is done. 
In case of caissons sunk through a great depth of material thai is not 
liable to scour much, this tendency to split will be resisted by the exterior 
pre ss u re of the earth, hence the wedge ptenes are there advisable; bot^ 
otherwise, it would be safer to step off the timbers, as was done In the 
caissons of the New Westnunster Bridge. 

In order to enable the water in the shafts to be pumped out after 
the chamber is sealed, all joints in both timber and steel caissons should 
be caulked, and the deck timbers should likewise be canlkcd or else have 
a coat of thick, hot pitch in all joints, both horizontal and vertical. The 
caulking should be done with oakum. The pitch used for the New West- 
minster caissons coasist('<l of crudi" resin mixed with a suflieient qu;mtity 
of tallow to make tiie mass stiff but not brittle. This mixture was 
melted in a large kettle and thoroughly stirred. It was .'if)plie<l by means 
of tin vessels with long spouts. These prevented the loss of the pitch 
and ensured its being placed exactly whm needed. A layer of one foot 
of one-two grouting, placed in the dry on top of the timber deck before 
sinking is began^ aids greatly in making the deck water»t%|xt This was 
done in some of the deep piers of the New Westminster Bridge. 

In building wooden caissons, if possible, all timbers should be of the 
full length or width of the caiason; and where this proviriaa is not ei^ 
forced, great care should be taken in the designing to ])rovlde proi)er 
strength. The timbers in iKljjicent courses should be broken on opposite 
sides of the centre line so that not more than fifty (50) p<T cent are cut 
at the same placu*. These breaks should, preferably, Ije made at jKjifits 
where cross-bracing is emploved. Drift l>olts connecting; adjae(>nt timbt i-s 
should be spaced not to exceed four (4) feet centn^s, anil often preferably 
three ('.I) feet. Tliev should be long enough to pass entirely through the 
upper antl nearly through the lower of the two timbers that they unite. 

Fig. 40c illustrates the design of one of the caissons of the New West- 
minster Bridge, also the crib thereof. As can be seen from the dra\^-ing, 
the crib is divided into small spaces or pockets which were to be filled 
with concrete as the sinking proceeded. The walls of these spaces were 
not made continuous; for if th^ were, the mass of concrete would fail 
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to be monoUihie. By leaving large opon spaces in the division walk, the 
concrete in the various pockets unites to form a continuous mass. It 
must be remembered that this concrete is placed in tlie dry and that 
the workmen can pack it up clo^:^ to the bottoms of the dividing timbers. 





Monxontol 5«crion A-B. ,«r«».,^., 

Fia. 40c. Opeu-dredgiog CaiB»ou aiid Cotlerdam for the New Westminatcr Bridge 

over the Fraaer River. 



All framing of the timber should be done in a substantial manner so 
that the crib and caisson will hold their shape in caae that it be found 
neoessary to force the cutting od^( s tlirough logs or masses of boulders. 
It used to be the custom to half-dap all caisson and crib timbers at comers; 
but it was found better and more economical on the New Westminster 
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Bridge to omit the diq[>ping and to aRemate the ahort and the long tini- 
bera in the adjoining vertical Uyere. Hub method makes a stranger 
oonstruction and saves considerable time and expense. The latest and 
most efficient detail adopted by the author for the comer framing is tliai 
shown in Fig. 41a. This is similar to that used on the New Westminnter 
piers, except that the through timbers in each course are notche(i out two 
(2) inches at each end, iind the short tlinbcTs are extended ihut amount so 
as to Ixjar again>st the two-inch olTsct. 

The author makes a practice of l)uiKling pi[X's into the tiinhor nnd 
concrete near the perij)iiLn' of llio caisson as the construction proceeds, 
so as to inject water for the purpose of loosening the niat*Ti:iIs. Some 
of his contractors have objected to these pipes on account of the extra 
expense which they involve and because th^ require extra careful caulk- 
ing in order to prevent le^ks around them. Yery often they are not used 
at all; but when th^ are needed they are wanted badly; and tb^ em- 
ployment in evm one case out of five would show a resultant eoonomy. 
An inddental advantage which they possess is that they can be charged 
with grouting simultaneously with the chamber, and tiie great head of 
the fluid will ensure every comer thereof and eveiy otherwise possible 
void in the concrete at the base being completely filled. The expen- 
ment has been made of turning some of the pipes outward through the 
periphery of the cril) at various heights in order by jetting to reduce 
the side friction, but as there was no need for them, tlicrc was no proof 
given of their efhcacy. The author believes that the exporlient is a good 
one for cases when great frictional n^sistance is anticipated. rs|H'cialIy 
as the cost of the pipes is small. All pipes used for jetting sliouid ulti- 
mately be filled witli grouting so as to leave no void in the construction. 

Removable cofferdams of timber or steel are used to carr>' the sides 
of the cribs above water level and thus to enable the shafts to be built 
in the dry. They should be made as nearly water-tight as possible. 

The method of constructing steel caissons for open-dredging is shown 
in Fig. 40d, which illustrates one of the deep piers of the East Omaha 
Bridge. The objectionable wedge effect of the conical surfisoe of the 
chamber is resisted by the exterior pressure of the gravel and bouMers, 
which must be very hig^ at the great depth attained. In simibr future 
constructions (especially for bridges over salt water) the author would 
make the roof of the chamber horizontal and support it by radial brackets, 
and would ensure filling all spaces by injecting grout under great head 
through the i^eripheral pipes. 

Other details of construction for open-<lredging cribs and caissuos are 
given in the sj)ccirications for piers in Chapter XLII. 

As soon as a cai.sson is launched from the ways, it is towcxi uito proper 
position and held there by guide-piles properly braced, or by some other 
satisfactory metliod, then the pocke.ts are partially filled with cnnrrete, 
and the sides of tiie crib are built up till the cutting edge bears firmly «o 
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the bottom. Then the livtlraulic olcvators or dmlgos aro put to work 
oa excavating through the well or welk, and as fast as the material is 




Fio. 40i/. Opcu-drcdging CaitMsoo for the Kast Umaha Britlgc over the Misaouri Kiver, 

rein<»\('d the caisson sinks, the crib is built up, mid the pockets are filltni 
with concrete. Thetie operations are coutuiued until the required depth 
is reached. 
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The best dredges for the work are the clam-shell and the orange peel. 
These are used for removmg IxMiklers and coarse gravel which the hj'drau- 
lic elevator does not raise. There is no choiee hetween the elam-shell and 
the orang(^ pct^l dredges, for under varymg conditioii^i either one is likely 
to operate far better than the other; hence it is generally necessary on a 
large piece of work to have both on hand. Dredges composed of endless 
chains carrying buckets have been tried for sinking caissons by open- 
dredging, but they did not prove to be as satisfactory as either of the 
two types just mentioned. 

The method of operation of the hydraulic elevator is as foUows: 

Water is forced down by a pump through a vertical pipe of about 
three Inches inside diameter into a curved pipe which connects with a 
cast-steel cylinder that has another cylinder attached, the latter being 
connected to a perforated cast base, which is kept embedded in the ma- 
terial to be nused. The upper end of the midn cylinder connects to a 
discharge pipe extending above the surface of the water and terminating 
ill a gooseneck. Tlie forcing of the water down tlie small pipe and up 
the large one sucks up a mixture of earth and water through the perfor- 
ated casting and discharges it through the gooseneck. As long as the 
hydraulic elevator operates satisfactorily, it is kept going; and when it 
ceases to do so, it is (^ther hoisted out of the well or shifted into one comer, 
and a dredge is put to work to remove the accumulation of boulders or 
coarse gravel that the elevator cannot cany. By thus alternating the 
use of the elevator and dredge great progress is made in the excavation- 
much more than is generally attained by the pneumatic process. Of 
course, the length of the hydraulic elevator has to be increased by re- 
moving the gooseneck, adding pieces of pipe, and replacing the goose- 
neck as the sinking proceeds. 

Should the excavation go too slowly, water can be forced through 
the pipes that are built into the periphery of the caisson in ord^ to loosen 
the material adjacent to the cutting edge and drive it toward the middle, 
where it will be reached by the elevators and dredges; or else a movable 
jet may be employed. This consists of a single pipe having at its lower 
end a eoniicction with two short pipe-jets that are hinged where they 
join. They make an angle of one hundred and eiglity (180) degrees 
with each other, so that the water passes out in two diametrically oppo- 
site directions; and tlius the pipe is kept vertical, which it would not 
be it tli(*r«' were an unl)alaneed pressure, as would be the ease were only 
one orihce provided. The hinging of these jets enaljles them to l>e shoved 
well over toward the cutting edges. They are moved by small wire 
ropes that lead along the main pipe to i he top of the caisson. By rotating 
tills ap]i;iratus slowly all portions of the cutting edge may be reached 
by the jets. 

As the caisson approaches bed-rock it is liable to encounter a mass 
of overl3ring boulders, which tends to make the sinking very difficult. In 
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building the Ea«5t Oiniiha Bridge the deep caissons were forced part way 
thr()u^;h such lioulders by exploding small charges of dynamite in the 
chamber. The resulting shock caused such vibration that at first the 
rninnnn sank several inches at cndi discharge, but later it lodged per- 
maaently on the boulde»| which had to be left under the cutting edge, 
although the bed-rock was laid bare near the centre. Care must be 
taken not to injure the walk of the chamber by using too large chaigea 
of the vxfUaAre. Dynamiting down caisBons was tried sueoessfully also 
on tiie Koyakbat Bridge in India. On that work trouble was experi- 
eneed in sinking through stiff day, which was penetrated only by usmg 
heavy steel cutters. The author employed this expedient suooesafully 
in sinking some timber boxes for the pile piers of the Iowa Central Rail- 
way Company's bridge over the Mississippi liivcr at Kcithsburg, 111. 

The opcn-ilredging i^rocess works well through mud, sand, gravel, 
and quicksiind, but not so well through clay. In fact, the existence of 
a thick layer of ver>^ dense clay mi^ht be a sufficicnit reason for not adopt- 
ing the process. In case of such a bed of clay overlying quicksand, if it 
be necessary to go into or through the latter, a combination of the two 
processes can be used, the pneumatic method being employed until the 
quicksand is reached ; then by removing a diaphragm and the pneumatie 
shaft the caisson is made ready for the open-dredgmg process. The author 
some years ago designed two piers for a crossmg of the Atchafalaya River 
to be sunk by the combined methods through day and quicksand so as 
to reach a bed of coarse sand and gravel; but the design was rejected 
by the railroad company because of its apparently high cost, and the 
supposedly cheaper method of going down as far as practicable by the 
pneumatic process, landing on soft material, and protecting the piers 
against scour by mattresses was employed. The author protested against 
adoputig Mich an inferior louiulalioii aiul formally warned the company 
of probable disaster. It came before all tlie substructure work was fin- 
ished, for one pier tipped forward so far that every effort made to right 
it and keep it plumb was unsuccessful. It was put down about one 
hundred and ten (110) feet below high water and could not be removed, 
and the company was compelled to sink a large cylinder on each side 
of it and to bridge across the gap so as to support the superstructure. 
Eventually the bridge cost far more money than the author's design 
would have mvolved, for the unit prices obtained from bidders on his 
plans and qiecific actions were not excessive, considering all the difficul- 
ties to be overcome and the unfavorable conditions for work at the cross* 
log. The lesson to the raihroad company was a severe one, because not 
one of its five piers can be depended upon. Any one of them is liable 
to fail as the first one did; and, what is worse, nothing effective can be 
done to forestall the trouble. 

In the sinking of deep caissons one of tlic most important objects 
b to get them into true position; and the only way of accompiisliing this 
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is to start them right, guide them properly, and never let them get ma- 
terially out of place. The deeper they go the easier it is to keep them to 
place and plumb, but the more difficult it is to ccMTSct errors of position 
or verticality. Some contractors in their hurry to make a great showing 

of progress pay but little attention to the dtiily position of a caisson ; but 
the resident cnRinoer who knows his business will never let a eontractor 
get a caisson out of place more than two (2) or three (3) inches without 
insisting that the error be corrected immediately. In most cases it is 
practicable to build a guide-frame of timber sup])orted by well l)raceil 
piles in such a way that the caisson is lu']<l to j><)sition at two elevatirms, 
one near the water surface and the other some fifteen (15) or twenty 
(20) feet higher. This timber construction can generally be utiUzed for 
a working platform. 

Tn some cases a false ]x)ttom is placed on the caisson to float it 
into position, and after getting it th(Te this lx)ttom is removed; but gen- 
erally such an e]q>edient is not needed. Often it is necessary to suspend 
the caisson by four (4) or more long, adjustable rods from the surround- 
ing timber construction, and to lower it gradually until the base bears 
on the soil sufficiently to release all tension on the rods, after which the 
latter are to be removed. 

In the New Westminster Bridge, the contractors, Messrs. Armstrong 
and Morrison of Vancouver, B. C, built a dock of long, closely-driven 
piU^s around the location of each deep caisson, leaving the do^ii-stream end 
of each open until after the caisson had been lloatcil iu, when the space 
WiLs closed 1)V piling to break the force of the inroming tide. Tlicv usttl 
a novel method of bracing these piles, many of w hich were over one hun- 
dred (100) f('(>t long (for the (h'ejK^st water was alnnit eighty feet), viz., 
by hinging a long pile to anotlier ])il(* at a point which would Ix; a little 
above the mud-line in final position, and as the main pile wjus driven 
by combined hammer and water-jets tlu y let the l)racing pile drop grad* 
ually up or down stream, supporting it tcMnporarily by ropes, and finally 
bolting it above water-level to other i)iles. Some wire ropes also were 
used for diagonal bracing, being fastened to a front pile near the mud-line 
and to a rear pile near its top. 

The principal obstacles encountered in sinking caissons are large 
boulders, logs, and hard clay or compacted material. If the boulders 
are in the interior of the caisson and not too large, they can be removed 
by the dredge, but if they come under the cutting edge, they have to 
be jetted until they are either pushed outside by the weight of the caisson 
or fall inside. In case of boulders too large to l)e lifted tbrougli the well 
or handled by the dredges or other av:iilahle ap])aratus, they may have 
to be broken witli small charges of dynamite and removed in pieces, a 
diver being sent down to attmd to the drilling and the placing of the 
charges. A spceially designed eompressetl air drill in the hands of an 
experienced diver will soon make a hole of the required depth. Other- 
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wise, if the boulder he encountered near the level of the final i)ositiou uf 
the chaniljer, it niuy he waslied down and left in; but in such a case the 
filling of the base of the chamber for at least one-half the dei)th of the 
boulder must be of grouting; so as to jinH-hKle the existence of voids beneath 
tlie obstruction. LoK-s lying across the cutting edges often give consider- 
able trouble. If they are too strong to l)e broken by the weight of 
the caisson, they have to be shattered by dynamite and removed in 
pieces. The greatest obstacle to sinking by the open-dredging process is 
a beil of hard clay or other compact material. If the layer be compara- 
tively thin, the caisson can be worried through it with water-jets in the 
hands of a diver; but if it be thick, it may become neoessaiy to put on 
air pressure temporarily until the hard layer is passed; and unless proper 
provision was made at the outset for so doing, the job will be found quite 
(tifficult, especially if the depth of the obstruction below water be great. 

If much trouble is anticipated from scour, it is often best to biuld a 
large, strong mattress of willows over the pier site before the sinking of 
the caisson is started. Some engineers and contractors in such cases 
figure on cutting out the mattress taieath the base of the caisson; but 
the author prefers to weave a hoh^ in it with a margin of about three 
(3) feet all around, in order to provide for a possible error of position in 
placing the mat. 

After a caisson has reached its final position and has been cleaned 
out as much as deemed necessary, it should be sealed V)y depositing through 
a tr4mie some two or three feet of Portland cement grouting, mixed in 
the proportion of one part of cement to two (2) parts of sand. This 
should be followed by a very rich concrete of gravel or small broken 
stone, mixed at first in the proportion of one, two, and one and a half, 
and gradually thinned to one, two, and three. This concrete should be 
deposited by either a tr^nie or a water-tight collapsible bucket, and 
should be carried to such a height as will, in the opinion of the engineer, 
effectively seal the interior against water after the well or wells have been 
pimiped out. In some cases ten (10) feet of such sealing might suffice, 
but in others twenty (20) or thirty (30) feet might have to be used. In 
very deep foundations it would be necessary to fill more than enough 
for mere sealing, as it would not Ix) advisable to pump more than a cer- 
tain distance below^ water level. At New WestmiiLster the greatest depth 
pumped out was seventy-five (75) feet below the surface of the river, and, 
in the author's opiniini, this is pretty near the advisable limit, although 
in this ca,se there was no leakage at all through the bott(»m and very 
little indeed through the sides. Of course, if much leakage be found (hiring 
the pumping, the shafts can be filled again with water and more concrete 
can be deposited through it until a safe height is reached; but such at- 
tempts involve loss of time, as the concrete should be allowed to set a 
week or ten (10) days before the pumping out is begun. If the amount 
of concrete placed through the water be too small, or if the time of setting 
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be too short, when the pumping k done the pressure froin bolow may 
either break up the masB or force water through thue deetrayiug ite 
eontinuity and domg great damage. 

After the water m all removed from the welto, the xemaimng epaee ■ 
to be filled in the diy with ordinary one^hree-five concrete, tanqsed wher- 
ever neoeasaiy to fiU oomen and email spaoee. Before beginniiig to M 
fSbb shafts, the linings thereof should be torn out as low as it is poeribfe 
to remove them without permitting too great a leakage. This is to en- 
sure a proper bond between the concrete filling of the shaft and that of 
the pockets. 

What the lunit of depth is which can be reached by open-dretlging 
through sand and gravel is hard to anticipate. It is probably consid- i 
erably in excess of two hundred (200) feet below w'ater with a penetra- 
tion of over one hundred (100) feet into the earth. The author once 
made a design for open-flredging caissons for such a depth, and stated 
to his prospective client that he anticipated no difiiculty in sinking them; 
but he had no opportunity to prove*^ eorveofeness of his statement, as | 
the projeet did not mateiialiie. 

The side fiietion on eaisBooB is known to vary generslly from four 
hundred (400) to six hundred (600) pounds per square foot of area» and 
the wd^ of the mass is easily calculated; hence iat any particular ease 
H Is practicable to compute about how far a caisson can be sunk by its 
own weight and how much further by a reasonably large tcrnijorary 
loading. Such a loading can be aj^plied by building a timber platform, 
cantilevered beyond the crib so as not to interfere with the sinking, and 
loading it with pig-iron, stone, or even sand; but it is only when a cais- 
son is near its final position that such an expedient should be attenipt^i, 
because it would be impracticable to add to the height of the crib after j 
the loading platform is placed — besides, the temporary injiHing should 
never be dn^ped as low as the water leveL 

If a caisson cannot be driven below a certain depth by ail the ordi- 
nary means of sinking, it is almost certain to have reached * safe posi- 
tion; and if any doubt be felt about the matter, it is easy to provide an 
effective protection of malli ess • wurk^ x^Map, or both. Jn csctrene 
cases, when there is any uncertauuly about the lateral stability of tiie 
finished pier, the mass <^ rip-rap can be carried up to sudh a heigfifc as 
to make it absolutely sale against overturning in my direction. Tins 
was done in the ease of one of the large piers of the New Westminster 
Bridge that landed on a mass of cemented gravel which could not be 
penetrated by the dredges, and which was too far below water to waiiani 
applying comprcsK(»d air. 

If a caisson is imng mainly by ade friction, and it is desinnl to sink 
it a little further, it may be easier to scour around the outside by powerful 
water jets tiian to put on a temporary loading. 

If a caisson becomes tipped, it may be best to block it teoipQcarily 
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by short timber posts on the low side, placed by a diver, then continue 
! the excavation until it is righted before removing the blocking; or it 
I may l)C necessary to excavate on the exterior along the high side until 
the cutting edge is undermined. This had to be done on the pier of the 
New WestnuDster Bridge, to which reference has just been made. It must 
' be remembered that after a caisson has attained considerable penetra- 
tion through good, firm material, saeh as sand or gravel, if it strike a 
harder bearing on one aide than on the other, it will not tqp much, 
cause it irill be held finntjr by the earth above; henee it is usually only 
with onall penetrations that cbfficully from t^sping is encountered, unless, 
pefchanoe, a sliding bank of gumbo or day be met, as was the case at 
the Atchafalaira River Bridge before mentioned. 

Usually the neatwork of a pier is started at an elevation of two (2) 
' ur three (3) feet below extreme low water level, but in some cases it is 
deeper than that. In order that the said neatwork may be laid in the 
dr>% which is absolutely essential, the crib vnW have to be continued above 
' the great est possible water level that will encountercxl during the con- 
struction of the shaft by means of removable timbers caulked so as to 
form a water-tight cofferdam. Exactly the same construction is required 
' for the cribs of pnetimatic caissons. 

' , The illustrations for this chapter are the same as some of those used 
in Messrs. Jacoby and Davis' treatise on "Foundations of Bridges and 
Buildings," published by the McGraw-Hill Book Company; and to all 

I these gentlemen are due the authcur's thanks not only for their kind per- 

> mission tQ reproduce the said drawings of three of his open-dredging 

> structures, but also for their courtesy in furnishing him with deetrotypes 
of the cuts. 

i 
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PNBU&IATIC PfiOCESS 

The pneumatic process for seonring pier foundations is best soiled 
for depths between thirfy and one hundred feet In most cases it is 
the best method of sinking to enq>loy, the greatest objection to it being 
the excessive cost of installing the planti even if one has a compete outfit 
at his disposal. 

The advantages of the pneumatic process are as follows: 
First. It enables the contractor to overcome, in the cheapest and 
most ex]:)editious mamier possiblci all obstacles that may be cncuuiiicTcd 
during sinking. 

Secon/1. It ensures the obtaiuiiiK of a satisfactory foundation for the 
piers, because any unevenness iu the bearing ( ;ni be leveled off, and the 
caisson can be sunk into bed-rock a few feet, thereby securing an effective 
anchorage. 

Third. It permits of the worlcing chamber being filled ynih oopcrete 
placed in the dry, thus ensuring a better grade of concrete because of 
freedom from laitanoe. 

The disadvantages of the pneumatic process are as foUowa: 

First. Expensive pneumatic machinery to purchase^ to ahip to and 
fro, and to keep in repair. 

Second, High priced labor. 

Third, Danger to workmen from compressed air. 

Fourth. Less daily progress in rinking, due both to the upward pres- 
sure of the air in the working chamber and to the necessity for locking 
out the coarse materials excavated. 

Fifth. I>ess attainable depth as compared with the openKlreduing 
process, because of mnu's inability to work under pressures exceeding 
that of the atnio-phere t)v fifty pounds per square inch. 

However, notwithstanding these disadvantages, it is probably the 
most satisfactory, all around method in nine cases out of ten of important 
bridgework which occur in a consulting-engineer's practice. Most of the | 
piers of the large bridges which the author has engineered have been 
sunk by the pneumatic process; and he has no hedtation in recommend- i 
ing it for conditions within the above specified limits. 

The distinctive feature of the process is the employment of a wwkmg 
chamber in the caisson and excluding the water by compressed air, therebj 
enabling the workmen to enter the chamber and excavate the material 
necessary to sink the caisson. The latter is open at the bottom and 
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closed at the top with a tight, heavy roof. Above this roof is the crib 
filled with concrete and extending up nearly to low water leveL For the 
ingress and egress of workmen and of large material, two or more vertical 
shafts are provided. In these are placed air locks so that the transition 
from working pressure to normal pressure, or vice versa, can be made gradu- 
ally and with small waste of air and small change of pressure in the worit* 
ing chamber. This pressure is usually made to equal approximately a 
hali })ound for each foot of penetration below the water line. It adds 
to buth the comfort and the efficiency of the workmen to cool the air 
in the summer time and to warm it in the winter. 

For the ejection of fine material, a vertical four-inch pipe is run from 
the working chanihcr up tluxjugh th(; nuuss of the roof nnd crib to some 
convenient heigiit above the water Hne. On the top of this pipe is the 
''goose-neck,'' which is a heavy curved casting for directing the discharge 
away from the crib. In the working chamber the blow pipe is carried 
down so that the material can readily be kept in a heap about its mouth. 
When the blow pipe is opened up, the air pressure carries the adjacent 
material through the pipe, discharging it frcmi the ''goose-neck." A du* 
plicate blow out pipe should be installed so as to be ready for use, if, for 
any reason, the first one becomes stopped up and put oat of commiasioiL 

The bottom oi the caisson is shod with a steel cuttmg edge usually 
made of plates and angles riveted together. This enables the caisson to 
cut through small logs and to push aside boulders, and lessens the resistance 
to sinking IxH ause of its small l)earing area. 

The building of i lic caisson may l)e started on sliore, or on a frame 
work supported \>y pik's driven around tlie site of the pier. The choice 
of tiicse two ni* tlinds will d( ()< nd largely ui>on the convenience of getting 
material to the place, the thmger of sudden rises in the river, and the 
degree of menace from navigation. If the caisson construction be started 
on shore, the cutting edge is assembled on timber shoes resting on ways 
arranged for convenient launching. The timber work is then built up 
to a convenient height, and the shoes are released so that the mass slides 
down the ways into the water. It is then towed out to the pier site, 
where guide piles have previously been driven, placed in approxhnate 
position, and secured to the guides. Here additional weight is added 
by filling in the crib with concrete and increasing the hdght. Asl the 
caisson approaches the bottom, it is carefully watched and corrected for 
j)ositi()n. It is allowed to sink into the soft material of the river bed, 
and th(;n the air is turned on and further sinking is obtained by excavat- • 
ing within the working ehamher. In case the river bed is too uneven 
to afford a good landintr for the caisson, it is a good plan to dump sacks 
of sand into the low places until a level bed for its reception is produced. 

For streams where low water obtains for a sulhcient time and where 
navigation does not interfere, it is economical to build a temixjrarj^ pile 
trestle or runway from the shore to the pier site and start the caisson 
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at the final looaticm. For this purpoae piles are driven around the pier 
nte and ea^pped, then erosB timbers are laid on topi upon which timben 
the cutting edge is aasombled and the caisBon built. Several gallows 
frames are erected on the caps, and, by means of kmg, heavy screws 
for hangers, the eaiflson can be suspended when so desired and the sup- 
porting timbers removcnl. Then by turning the nuts on the screws, the 
niiiss can gradually be lowered to the river bed as fast as the crib is built 
up and filled with concrete. Aft^r la-nHing iirmly on the bottom the 
gallows frames are to l>e removed. 

During the enrly part of the sinking, say the first twenty feet below 
water, the material may advantageously be blown out dry. After this 
depth is reached, the air pressure becomes too great for the loose, dry 
material; and excessive leakage occurs through the voids, so that it be- 
comes more economical to use a wet suction. For this purpose a two> 
inch pipe is run into the caisBon from the crib above in the same mannsr 
as was the Mow pipe. This small pipe is connected with the puin|> to 
supK^y a stream of water. A hose is attached to the pipe, and by means 
of a one-inch nosaie a good water-jet is obtained. This water-jet is em- 
I^oyed for wetting down the material, so that it will pass throuf^ the 
blow pipe with less friction, and will fill the cross section thereof better, 
thus preventing excessive loss of air. Where clay is encountered, it 
must be broken up into small pieces and thorout^hly saturate .'^o as to 
move freely through the blow pipe. Another ativantage of blowing wet 
materials is that it does not wear out so quickly the ''goose neck" cik-tiiig 
at the top of tiie blow pipe. The wet material is conveye<l to the blow pipe 
by means of a four (4) inch flexible hose having a three and a half (3 J 2) ^^^'^ 
suction nossle. This hose is attached to the blow out pipe; and it should 
be long enough to reach all part<s of the working chamber, as it is much 
easier to move the flexible hose than to shovel the material to it. The 
ol^ect of the three and a half inch suction nozzle is to insure that any- 
thhag pasBing the smaller opening will be carried through the larger pipe 
without plugging it. 

In case the location of a pier is on the bank w on a sand bar In the 
river, the excavated material will have to be hoisted out until the cutting 
edge of the caisson gets down to the water, when the air can be turned on. 
However, the pressure will hardly be sufficient at such a depth to force 
the material up the regular blow pipe. In such a case it is well to bore 
a hole in the side of the caisson above the wat^r line and put the blow 
pipe 11ir<)Ufj;h it. This will reduce the vertical lift so that the pressure 
will then be suliiciciit to discharge the material. When the caisson sinks, 
the pipe can be withdr:nvi\ nnd tlie hole in the side plugged up. By this 
time the working chamber will hold the air well enough to raise the matnial 
through the vertical pipe. 

Another scheme, in case of a pier Io( :ited on the bank or on a sand-bar, is 
to eicavate a large hole down to the level of the water and start the oqr- 
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stniction of the caiwon therein. There are two good reasons for so domg, 
vis., first, 'it is usually much cheaper to esccavate in the open a large quan- 
tity of earth by scrapers or dredge than to take out a small quantity by 
blowing or hoisting through the caisson; and, second, the side friction is 
thus reduced, enabling the caisson to descend more readily to its final 
position. 

As the mass lowers, the crib is carried up and filled with concrete 
from time to time so as to put as much load on it as possible in order 

to facilitate the sinking. The supply shaft, man shaft, blow pipes, and 
water pipes are carried up likewise. As the greater depths are reached, 
the skin friction of the material surrounding the caisson and crib becomes 
excessive, and in conjunction with the air pressure holds the sink'mg in 
check. To overcome this the excavation is carried below the cutting 
edge jis far as practicable, then the air supply is shut off and the air in 
the working chamber is suddenly releasi'd so that an impact is given to 
the mass, and a flow of water is set up along the sides and under the 
cutting edge, thus reducing the friction and causing the material at the 
sides of the excavation to cave in and permit the caisson to settle into a 
new position. This process is termed blowing the caisson. It is during 
this act of blowing that the mass is most likely to get out of true poeiticm, 
for variations in skin friction may hold up one side more than the other. 
As long as it is practicable to add to the caisson sufficient weight to cause 
it to settle gradually into position, bk>wing should be avoided, because 
there is far less chance of its dqMUtmg from true position when the onking 
is continuous and gradual. 

The facility with which a caisson can be kept in correct position dur- 
ing the sinking depends greatly upon its width and the verticality of its 
sides. A narrow caisson will invariably work from position, unless there 
are several guide piles and ample waling on each side to hold it in place. 
These i)iles should be located three or four feet from the periphery and 
driven to a depth of thirty or forty feet, then thoroughly braced and 
waled, after which blocking is to be inx rtrd between the wnlinj^ and the 
caisson. Wlien the latter reaches a dt ptli of forty feet below the river 
bed, there is small danger of its working to any important extent from 
true position, yet tiie author Ix lieves that in many cases it would pay 
to make caissons somewhat wider than the ordinary TnlwiTnnm of fourteen 
or sixteen feet. 

In times long past when the pneumatic process was in its infancy, 
substructure derigners used to think it was necessary to flare the sides of 
the crib and caisson in order to reduce the dde- friction; but this idea 
was a fallacy, because such flaring kept the descenduig mass in a state 
of unstable equilibrium and* often caused great variations from correct- 
ness of pier podtions. As stated previously, a glaring case of this occurred 
when building the great Hawksbury Bridge in Australia. 

On the Illinois Central Bridge at Omaha, Nebraska, which work was 
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enpneered by the author's firm, considerftble trouble was had with tuo 
pneumatic caSaaoDB. One .was sunk on land, and when within twenty 
feet of the final position it was tilted and shifted out thirty-two mchcs 
at the bottom. After working a long time and using eveiy known meau 
to bring it back to position, during which the situation became more 
aggravated, it was finally decided, as a last resort, to put a wire caUe 
around the cribbing and concrete and anchor the same to two dead-men 
uii sliore. This was done and tlic cable was tij^htcnod as much as pos.sibie 
with blocks and tackle acting as a toggle. I'lie strc^ss on tliis apparatus 
was maintained durinpc the rest of the sinking; and due to it the toj) of 
the cril)l>iii^ was [Hilled sliorcward, tlierehy tippine; the bottom and ^^d- 
ting it back to the proi)er place. Wlien tlie caisstm landed it was only 
one-half inch off centre. In sinking tiie second caisson for the same 
bridge, an old mattress and some riprap, which liad been placed around 
a pile pier for its protection, were encountered. This condition caused 
considerable trouble, as the riprap followed the caisson down, causilig 
it to depart thir^Hsdx inches from the correct position, but by means of 
a toggle amilar to that used in the first case it was ric^ted to within four 
inches of its true position. Good anchorage for the toggle was not avail- 
able in this second case, hence the method was not as successful as in 
the first instance. 

One of the more customary exiK^dients for rectifying small departiu«8 
from correct position is to load the high side on top of the crib, in C2i^e 
of a lean, and to deposit the material from the blow pipe in the river 
on the low side, thus putting a surcharge on the river betl there, increasing 
the skin friction and holding up that side of the caisson. At the shtmc 
time the excavation in the working chamber i^ cniihued to the high side: 
and in tiggravated cases it may be extended out b<\vond tlie cutting edge 
80 as to induce caving and a lessening of skin friction on that side. Tbiii 
loosening of material can also Ik; helped by running a water jet under 
the cutting edge and directing the stream Upward or by jetting the rivw 
bed aloDg the high side of the caisson. Sometimes it is advantageous to 
introduce mudsills into the working chamber, placing them along the 
low side of the caisson, then to put heavy timber props on the mudsilb 
and to wedge in between them and the roof of the woridng chamber. 
blowing the caisson a sinking may be obtained on the hig^ aide while 
the low one retains its position because of the props. This method is 
not suitable if the mudsills rest on material that readily scours; for the 
influx of water occurring on the rapid falling off of air pressure will wash 
the material from around and under the sills so that their supporUng 
value becomes nil. 

It sometimes happens that the caisson move- bodily out of line, and 
then a tilting tliat will direet it b.'tck to correct position mu5?t be given 
it. although for the time bemg such tilting may cause the top to move 
more out of line than before. As the siuking progresses with the caisBoa 
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thus directed, tlie bottom will a])proacli iia true position, and thrn tiie 
top can gradually be brought back to line and the caisson made upright. 

Dtirin^ tlio sinking process, obstructions such as logs, boulders, flat, 
detached slabs of limestone, or thin strata of sandstone or limestone are 
sometimes encountered. These have to be broken up by chopping, 
sawing, or blasting into small enough pieces to permit of their bong 
hoisted through the idiaft. In the case of the Sioux City Bridge, soft, 
friable sandstone was met with where the wash-borings had Indicated 
only sand. This bad to be blasted and removed in small pieces until a 
suitable bed had been made on which to land the caisson. In sinking 
the caissons for the piers of the Missouri River Bridge at Jefferson City, 
large detached blocks of limestone that in iconic previous ixge had broken 
oti the rock ledge and slid into the river channel were encountered. Tliese 
had to l»c bhusted into small pieces and biken out through the supply 
shaft, making a slow ami costly job of excavation and pier sinking. How- 
ever, these were finally removed, and the caisson wa,s carried do\vn below 
the layer of blocks. An unusual obstruction was met with in sinking 
one of the caissons for the Kaw River Bridge of the Intercity Viaduct at 
Kansas City, viz., a thirty-incli, high-service water-main lying so close 
to the pier site that the caisson had to be rotated a httle to clear it. Pile 
bents were driven under the pipe for support, but these went down as 
the caisson sank, consequently a sling was put around the pipe and passed 
up over an A-frame and run to a.di8tant anchorage. It was thought that 
the caisson might be swung back to its true position after dropping below 
the pipe, but all efforts to rotate it were unsuccessfuL 

While much ingenuity and resourcefulness are demanded of the con- 
structor in pneumatic foundation work, it must not be inferred that all 
jobs present the difficulties which have just been cited. The author hius 
u.sed the pneumatic j^rocess on many other bridges where comparatively 
little troul)le was met with, such as the Red l^iver bridges at Index, Tex., 
antl Alexaudri.t, La.; the Missouri River Bridge at St. Charles, Mo.; 
the Arkansas River Bridge at Fort Smitli; the I. G. N. Railwnv Bridpje 
across the Brazos in Texas; three bridges over P'alse Creek for the City 
of Vancouver, nt Westminster Avenue, Granville Street, and Gamble 
Street; t wo bridges for the Canadian Northern over the Thompson River; 
two bridges for the Great Northern Railway over the Missouri and Yel- 
kmstone Rivers; the Arkansas Biver Bridge at Fine Bluff for the Cot* 
ton belt Railroad; the Halsted Street lift bridge at Chicago; the bridge 
over the Tf^Uamette River at Hairisburg, Ore., for the Oregon Electric 
Railway Co.; and others. 

After the caisson has landed properly and the bed-rock is cleaned 
off, the working chamber is filled with concrete, and allowed to set from 
twenty-four to thirty-six hours, then the air is eut oil and the air-locks 
are removed, after which the siiafts are filled with concrete. The timber 
crib 13 extended above the water line lus to act aji a coHerdam while 
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the shaft of ihv pier is l)ciiig started. Thm ^^haft should be bogun as 
near to correct position as possible, even if some eccentricity of loading 
on the caisson results. 

- The desiga of pneumatic caiaaoiiB has been developed laigeiy through 
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DiTA/L5 0F CuTT/NG £m Of Caisson 

Fio. 41a. DeUib of Oitting Edge aiid Fhuning €l Crib fOT 

the arnimulatioa of experieiuie. The wooden caisson has reached a 
rather high state of devdepment, but it is likely that the inomaiiig imce 
of timber will neceaBttate the adoption of steel eaissoDB and^ posriUy. 
leinforoed-eonerete ones. While attempts have been made to defV«lo|> 
a rational dengn for the latter type» there is need for further study sod 
investigation along that hne. The forces to be considered are the ver- 
tical lotfuls, skin friction on sides, lateral earth thrusts, and concentrated 
reactions at one or more points on the cutting edge due to lop^s, boulders, 
and other obstructions. Twisting and warping occur and complicate the 
analysis of strea«<as. The walls have to resist torsion in addition to bend- 
ing momentb and sliem.-^. 

The advantages of the concrete caisson are the increased weight per 
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rolume, avoidaace of cauUdng, freedom from leakage for either air 
r, and mdestractibi]ity. The disadvantages are the greater skin 

and the longer time requiretl in sinking. This latter is due to 
that, as the cril) is built up from tiiiK to time, the concrete must 
enough after each operation to provide the strength required 

40-0' 
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Fio. 416. Details of Pneumatic Caisaon fur a Rectangular Pier. 

esist, thn strofses pKMlueed by the dist^>rti()ns during further sinking. 
unii)er of all-< nncrete caissuDJS have been constructcnl \n the past few 
rs, and it seems likely that they will be used more extensively in the 
ire. 

la many of the recently built pneumatic caissons, the timber roof haa 
a replaced to a large extent with concrete. This gives a ti^itcr roof, 
1 it has lesB compressibility than one composed of a number of layers 
12" X 12" timbers, besides affording additional weight for sinking. 
The air-lockB should be placed at the top of the shafts, where they 
) always accessible and be^rond the danger of flooding. A single door 
to be provided at the bottom of each shaft, which door can be dosed 
lile the airlock is bdng temoved for the purpose of addmg new sections 
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to the shaft. The air-locks should, preferably, be operated from the b- 
sKie. The main shaft is usually three feet in diameter, with steel rounds 
buih in so as to form a ladder. The oonnecting angles between sectran 
should, preferably, be turned inward, so that, if any leakage develops, the 




Fig. 41c. Details of Pneumatic CaiaBOii ixx a Steel Cylindo- Pier. 



bolts can be tightened. Also it may be desirable to remove the sections, 
mid then the bolts can be gotten at rca<hly. The supply sliait is i:?fl- 
erally made al)()ut two feet in diameter, and is arrang(cl so that a Ijutk^^i 
for hoisting tlu^ coarse material excavat^Hl or for lowering the concrrtf 
can be run thrmijn^b. The Moran air-lock is worked in an oval shof*- 
and provides fur the bucket occupyiuj^ one side and the men the other 
The operating; rope slules through a stufhog box so that very little sir 
escapes. The disadvantage of this arrangement is that it takes longi^ 
to look the materiaL in and out if men are passing througl^ at the sine 
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Pigs. i\n and 416 show the details of a timber caisson and crib for a 
rectangular pier; wiiile Fig. 41c gives th(; details of a pneumatic caisson 
for a steel cylinder pier. The details in general conform to those for open 
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Fio. 41tf. Details of Pneumatic Caisson for Fivot*pier of the Granville Street Bridge 

over False Creek in Vanoouver, B. C. 

'ircf lging piers. In Chapter XLIII will be found specifications govenung 
their design. 

Fig. 41d illustrates the pneumatic pier for the draw-span of the Gran- 
ville Street Bridge over False Creek m Vancouver, B, C, which was de- 
signed by the author's firm. 
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PILES AND FUjE DBlVUiQ 

As there is already a large amount of literature extant on this sub- 
ject, only the more salient and important points will be referred to in 
this chapter, leaving the reader who wishes to study details to consult 
such works as that of Jacoby and Davis on ''Foundations of Bridges and 
Buildings/' There is an extensive bibliography of the matter published 
in Volume 10, Part 1, of the Proceedings of the American Railway Engineer- 
ing Association. Commencing at page 579 therein, this bibliography covers 
fourteen pages that embrace some three hundred articles on all features 
of the subject. 

The customary objects in using piles are to compact the soil, to carry 
vertical* loads, to re^ horizontal pressures, and to enclose openings. 
To fulfil these various functions, different kinds of piles are employed. 
The round, square, or octagonalnshaped ones are best suited for the first 
three purposes; while the flat or sheet pile is best adapted for the last. 

Soils containing large percentages of clay can be compacted to a con- 
siderable depth l)y driving numerous small, short piles closely together 
over the desired area, then pulling them one at a time and filling the holes 
with fine, sharp, clean sand of uniform size. If the sand Iw rammed in 
thin layers as it is deposited in the hole, lateral pressures will be set up 
as the load is applied, and tlie resulting arch action will transmit a portion 
of the load to the sides of the filled hole. 

Bearing piles, supporting superimposed loads, depend usually for their 
carrying capacity upon the friction of the material which they penetrate. 
In some instances, though, the ends reach or enter a hard stratum; and 
under such ( nn litions the piles act as columns, and their bearing capacity 
is limited only by their strength in compresuon. 

In making substructure designs it is generally necessary to assume 
the total permissible load per pile, based upon the rather meagre informa- 
tion concerning the character of the material to be penetrated that is 
available before construction is begun. In a few important cases test 
piles have been driven in advance of the preparation of the substrueture 
plans; but, imfortunately, the client usually objects to the cxiK'nse that 
would be involve<l by such unusual testing; consequently the designer 
nearh' always has to use his best judgment concerning this important 
matter. It has been the author's |)racticp to iissume, when the (»ffect of 
impact is ignored, a load jht pile varying from twenty (20) to thirty (30) 
tons, and usuallv about twmtv-five (2.V) tons; although in certain ca^^es 
of highway l>riiiges on the I'acifie Coast, where the piles were large in 
diameter and exceedingly long, where the material to be penetrated was 
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fairly bard and perfectly safe from scour, and where the greatest legitiinate 
economy in first cost was a necessity, the limit has been nused to forty 
(40) tons. On the other hand, though, in certain cases When the piles were 
short, or n^en the material to be penetrated was not firm, the load has 
been reduced to ten (10) tons per pile. 

In settling this matter of pile loading, consideration should be given 
to the question of the probable occurrence of the maximum load and its 
frequency of application, adopting a lii^jhorunit for impro})a})l(' and unusual 
loacis than fur ct rtaiu and oft-rcpcat^nl ones. For in.stance, in the piers 
supporting tlu' towt-rs of high vertical-lift l)ridg:es, the efTect of wind 
j)r«'-'-un' on the pile loading is comi)aratively large, })ut its maximum 
as.suni<'d effect may never exist, and certainly not when there is much live 
io id on the structure; hence for such conditions a large unit loading is 
pernii.s8ible. 

Sometimes the engineer may have the opportunity to watch the driving 
of a test pile and thus be able to note the amount of penetration gained 
from the last blow of a hammer of known weight and drop. From these 
data he can estimate the carrying capacity of the pile by using some such 
foitDulie as Wellington's, known generally as the Engineering Nem 
Formuke. 

They are the followmg: 

For a pile driven with a drop hammer, 

p . 2Wh 

and fur a pile driven with a steam hanmier, 

p _ 2Wh 
" » + 0.1' 

in which P is the safe load in pounds, W the weight of the hammer in 
pounds, h the fall of the hammer in feet, and s the penetration or sink- 
ing in inches under the last blow, assumed to be seiLsible and at an ap- 
proximately uniform rate. The said sinking must be measured only 
when there is no visible rebound of the hammer and only when the last 
blow is struck upon practically sound wood. 

In making an observation of this kind, care should be taken to see 
that the hammer has a free and moderate fall of about fifteen feet for 
one weighing three thousand pounds; to ensure that any brooming of the 
top of the pile is previously sawed off, so that there will be solid wood 
to receive the blow; to make certain that the hammer rebounds very 
little, if at all; and to beware of using too small a penetration. Nothing 
under a half inch should be considered; and an inch will give more reli- 
able results. At the best, the knowledge thus obtained is of a relative 
order only, as will be readily appreciated when comparine tlie results of 
the tests mth those of actual loading experiments, i iieru are on record 
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and convenient for reference a number of reliable tests of actual ultimat« 
loads carried by piles under different cotiditions. The standard engiiieer- 
ing handbooks giv^ tables which will serve as a guide to one's judgoMoi; 
but m any important work where soil conditions render unoertain the 
action of the pile, a careful test should be made by driving several piles 
and loading tiiem until they fail. Then a factor of safety of two siioiild 
be applied to these ultimate loads in order to obtain safe loads for de- 
signing purposes. 

Much effort has been spent in trying to ovuhc a general fonrjula 
which would include all the variables and pive consistent results for all 
conditions. Two methods of attack have been pursued. The dynamic 
method, by w]ii<*h it is attempted to account for the energ>' of the falling 
hammer in doing work on the pile, is best treated hy E. P. Groodrich. 
Esq., C. E., in the Transactions of the American Society of Civil Engineers, 
Vol. XLVUI. The static meth(Ml, by which it is attempted to determine 
the bearing power of the pile by applying the principles of earth pressure*, 
has recently been discussed by T. C. Desmond, Esq., C. in Vol. LXV, 
and by J. H. Griffith, Esq., C. K, m Vol. LXX of the Tranaadiom of thp 
American Society of Civil Engineers. Hiese investigations are valuable in 
giving one a keener appreciation of the complexity of the phmomena in- 
volved, as well as for advancing the problem toward its ultimate solution. 
They also serve to emphamze the need of caution in applying formulae with- 
out a knowledge of their derivation and limitations. It should Ix' rtK-oji- 
nized that different soils exhibit in diltt rriit degrees the |)hysical proix^rtit-s 
of ehusticity, compressiljility. viscosity, and intiTiial friction. It is t<:>t» 
much 1<> cxiH'ct a simple formula conlaiuiiig two or time variables only 
give consistent rr->iilt-- for th(^ various coml)iiuitinu> of the many facti:»r- 
involvcil. Thti dynamic method at best can only give the l)earing jKiwer 
at the time of driving, while the static method applies to iu\y period after 
the regaining of equilibrium by the disturbed soil. The time roquirrd for 
such restoration of equilibrium varies from a half hour to twelve houra. 
Instances are on record where piles have been easily driven in soft soils^ 
aqd then allowed to rest for several hours; and on resuming driving 
some difficulty was ei^>erienced in starting them again, requiring several 
blows of the hammer before a perceptible motion would result. It hiv 
been found to be generally true that the resistance of piles penetrating 
soft material, and depending, therefore, solely uijon skin friction, is sub- 
stantially increased after a period of rest. It has also becm found that 
.such piles have their bearing capacitv reduced by driving additional pih*^ 
too close to them. The minimum spacing should not be less than dirct: 
feet. 

It is sometimes necessary to use piles for resisting horizontal pres^- 
Fures as in dykes, wharfs, fenders, guidr i)iles, and even abutments uf 
rrches. The resistance that a pile, or a group, of piles, can offer to a 
l.oriaontal force becomes at times an important matter. Little has bm 
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dons to investigate this feature; and the engineer will find scarcely any 
information concerning it, upon which to base his judgment. While the 
strength of the pile as a beam can be estimated with reasonable accuracy, 
the amount of penetration required to develop that strength is not so well 
established. That the lower end of the pUe recdves considerable restramt, 
even in soft soil, is sho\vn by the fact that piles driven in the plastic ma- 
terial of the IIu(ls(jn River bed hav(i broken near the mud hue when over- 
stressed by sitle pressure at the top. 

When piles are placed in clusters, their resistance to horizontal pres- 
sure can be increased by connecting them with substantial sway bracing? 
which tends to fix the upper ends and to reduce the bending moments 
upon them. The l>ottom liorizontal brace should be placed as near the 
gromid line as possible. The action of the sway bracing is similar to 
that of the diagonal bracing in a portal for a through bridge span, ^^llere 
pile heads are encased in a mass of concrete reaching to the ground line, 
a high degree of fixedness is obtained, and consequently there is a great 
reduction in the bending moment on the piles, which then resist the 
horiaontal pressure largely by shear. An example of this kind is seen 
in the abutment of an arch when the foundations are reinforced by piling. 
Another method of resistmg horisontal forces is to drive the piles with 
a batter. This is frequently done for retaining wall foundations, arch 
abutments, and outside piles of hi^ trestles. Piles can be readily driven 
with a batter of one in five. 

For enclosing oixnintrs, as in cofTerdam construction, sheet piles are 
extensively used. This is csi)ecially true since the development of the 
interlocking steel sheet pile, w'hich has proved a very effective means of 
shutting out water, shoring up trench walls, and resisting lateral pressures. 

The use to which a pile is to be put largely dct(Tmines the type or 
kind to adopt. Piles for carrying vertical loads may l)e of the ordinary 
plain, the pedestal, the screw, or the lagged type. The plain pile may 
be of several kinds of timber, such as oak, long leaf yellow pine, cedar, 
cypress, Douglas fir, or tamarack; or it may be made of concrete with 
or without steel reinforcement. The plain pile is adapted for soft soils 
where skin friction develops a ''conoid of pressure" that transfers the load 
to some deeper ground level where the passive redstance will equal the 
load on the base of the conoid. Also the plain pile is suitable for those 
cases where a hard layer is encountered and can not be penetrated, in 
which case the pile will act as a column. There are numerous gradations 
between these two extreme conditions where special types of piles may 
have an advantage. The pedestal pile is one of these special types. 
It is made of concrete and has a large ball-like end that provides a much 
greater bearing area at the bottom tium that of the plain pile. The ball 
is formed by a raniuiiiig j^rocess at the time the concrete is deposited. 
This t>7)e is especially adapted for the condition where the bottom of 
the pile rests on or slightly penetrates a thin hard stratum. What effect 
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the ball has on the "conoid of pressure'^ developed by the skin friction on 
the stem of the pile has yet to be determined. 

Screw piles and disk piles are used for locations where the penetration 
is limited. Disk piles are sunk by means of a water jet, and hence can 
only be employed in soils that can be jetted. Screw piles have a laige 
screw blade on the end, and are screwed mto place by turning the shank 
with a capstan. A water jet facilitates the operation. 

Lagged pUes have been found to develop a greater bearing capacity 
in soft soils than plain piles of similar dimensions and penetration. The 
lagging usually consists of four lun^ timbers bolted to opposite sides of 
the plain pile and extendetl the length of the desired penetration. The 
increased nurfaoe affords more skin friction and rcsuit.s in a mat^^rial ^im 
in bearing {•ai)acity. For soft soils care should he taken not to space 
the piles too close together, in order to prevent the "conoids of pressure" 
from overlap! )ing. 

The concrete? pile of late lias gained rapidly in favor, and is now being 
used extensively for sliallow foundatioiLS where the wat^r level is not 
high enough to keep the piling continually submerged. There are many 
types on the market, and most of them are patented. These types \ye- 
long to two general classes, viz., the pre-moulded pile and the pile made 
in place. The pre-moulded pik^s have some form of steel reinforcement 
placed in their interior at the time of fabrication, which gives them strength 
for handling and driving as well as for carrying loads. These pUee should 
be left in the yard to cure for thirty or forty days before driving. A 
water jet should be employed in conjunction with the hammer when 
sinking such pUes; and a cap or cushion of rope should be placed on top 
80 as to distribute the pressure and relieve the shock. 

To avoid the loss of time involved by the necessity for curing all pre- 
moulded concrete piles, several devices have been dcveloi)ed for casting 
each pile in place. Tiiis recjuires the making of a hole in the ground 
by a boring tool or Ijy driving a ''former" the required depth antl then 
pulling it out, after which concrett; is placed in the hole. Some methods 
provide for leaving in the hole a slieet steel casing and filling it with con- 
crete, and, if desired, inserting rein^oicint; ^tr{'l. Other methods involve 
the drawing of the ca.sing as the concrete is deposited. Which of these 
two types should be adopted for anj' case will depend upon the nature 
of the soil to be penetrated. Witli soft matc^rial or quicksand having a 
tendency to flow, the sides of the liole are liable to cave in and the ma- 
terial thereof to get mixed with the fresh concrete during its placing, ther^l^ 
weakening or even entirely ruining the pile. Also the driving ol the ad- 
jacent "formers" will cause a bulging of the soil so that the holes afaready 
filled with fresh concrete will be affected, and there will result a dimui- 
ished sectional area of the previously poiu^ concrete. A good illustra- 
tion of this defect is given in Engineering News of October 12, 1912. 
Where a shell is left in the hole these difficulties are effectually overcome. 
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Too much oaie cannot be taken to ensure that ihr poured piles are of 
UDifoim secUoa and i^nDmetrioal about thrar vertical axes, and that the 
concrete does not become segregated during the operation of filling the 
hole nor mixed with earth. Lack of flisrmmetry produces bending stresses 
that have a iveakening effect, the pit]portionate amount ol whieh seems 
afanost unbelievable to anyone unaccustomed to the making of strength 
computations. No single type of concrete will fit all locations. Bor- 
infip* should be mjule Ijefore selecting the type for any place, as a knowl- 
edge of the materials to be penot rated is essential il one Ls.to avoid utilizing 
snap judgment in his professif)nal work. 

The matter of grouping and spjK inp: ])iles is important. For hearing 
purposes, piles should be groupe*! synnnetrically alx)ut two reetangular 
axes. The niininiuni spacing should l>e about three feet, unless the piles 
rest on a hard stratum and are acting as columns. 

For sheet piling the Wakefield type is the best of all the wooden kinds. 
It is built up of three similar planks nailed or bolted together in such a 
way that the middle plank forms a groove on one edge and a tongue on 
the other. While single planks placed in single, double, and triple rofws 
have been used, tii^ are not as effective as those of the Wakefield type. 
However, the interloddng steel sheet-pile is rapidly displacing the wooden 
patterns for temporary purposes. Some of these sted piles are made up 
of channels, angles, or see bare riveted together, while others are rolled 
in one piece. When stifTne^ss is refpiired, the built-up section has the 
larger radius of gyration and sluaild, tlu refore, be employed. The hand- 
books issued by the steel nuiiiiilacturers show the various types of sheet 
piles, ami {rive tlioir properties so that the en^;ineer can readily make his 
selection for special conditions. Tlu'ir sui)crior strength, their facility in 
penetrating hard strata and in cutting through logs, tlx ir small leakage, 
and their ability to stand pulling and redriving make steel piles suitable 
for operations and conditions that wooden piles cannot meet. 

The durability of piling is a feature which must be considered In all I 
permanent construction. In the case of wooden piles continuously sat- 
urated in fresh water no decay occurs. Piles have been found in a good 
istate ol preservation after being submerged from six hundred to one 
thousand years. However, if the water level fluctuates and leaves any 
[)ortaon of the pOe exposed to the air at any time, decay will eventually 
set in, unless the timber has been thoroughly treated with some preser- 
^ utive; and it is possible that any such treatment will merely put off the 
L'vil day of ultimate destruction. It seems, tiiou^h, to be the general 
)pinion among engineers that |)il<\^ of sountl timber thoroughly impreg- 
nated with creosote will iiust indefinitely unless placed in sea water. In 
the latter where the Litnnorin and teredo abound, timber piles without 
5omc protective coating should never be used. Creosoting will delay the 
ittack of these marine borers for a number of years. The life of any 
brented pile 4^y«"^'* * great deal upon the condition of its surface after 

< 
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driving, as mechanical injuries and checks favor the entrance of borem 
For protecting pilcB already in place many mechanical devices have been 
tried with more or less success. The reinforced-concrete coating is prob- 
f\])ly the most satisfactory if it be extended sufficiently into the mni 
This result is difficult to aooomplish on a pile in placet m the ooocrale 
mfaras with the mud so that it eventually breaks off, leavmg a portkm of 
the wood eqioeed to attacks of the boms. To obviate this difficulty, 
vitrified day tiles have sometimes been adopted; and the oement gm 
has been employed for coating the timber above the low water line, h 
tbe latter process a piece of ordinary poultry wire netting is wrapped 
around the pile and fiustcned securely thereto; and then m 134" or 2" 
layer of cement mortar is placed around the timber by means of the 
gun. The portion of the pile below the low water line, however, cannot 
be reached by this method. 

For new work, a combination pile, consisting of the ordinary round 
timber with a shell of reinforced concrete enclosing it, is well adapted. 
The concrete shell, extending well below the mud Une, affords the deared 
protection against the teredo and lAmnoria. The timber core projeeta 
several feet above the top of the concrete caang so that a hanuner can 
be used for driving, as m the case of ordinaiy timber piles, without in- 
juring the concrete. 

Concrete piles are equally durable in dry or wet soils, and, ol 
are not at all affected by any marine boran. If properly made and not 
damaged m driving or in idacmg, they win last indefinitely. They esa 
be made uniformly straight and flymmetrical to a much groator eotet 
than timber piles can be procured. 

The {iiu'stiuii of durability seldom arises with the use of steel pheet 
piles, as they are generally employed merely for temporary purjM):^*^. 
They will ordinarily stand pulling out and re-<iriving many times: ami, 
if rust is not allowed to accumulate on tliem, there is a certain aiuount 
of salvage ol)tainable in some ty]K»s that can be employed for structural 
purposes after tlieir temporary service as sheet piling is finished. 

Various methods have been tried for dri\dng piles. F<Hr short onsi^ 
especially sheet piling, a maul is somethnes used where small penetrations 
only are desued. A more effective means is a set of light leada and a 
liammer made of a 12^' X 12" timber heavy euanigi for four men to oper- 
ate by a rope running over a pullsy. If a derrick is smpkqred on the 
it is a yery good plan to work the hammer at the end of the boom throi# 
a very light pair of leads. This will be more ecQnomical than usmg man- 
power. In nearly aU Mdgework a derrick is erected dose to the e»i- 
vation to remove earth from the pit and to place material for the stnie- 
ture. This can readily l>e used also for driving thi' piles. 

For large piles a drop-hammer operated by a steam engine is generally 
employed. This hammer, which often weighs several thousand pound-^. 
slides up and down a pair of guides known as leads. These are braced in 
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tlip roar and on tho sides l)y suitable framework, both the leads and the 
bracing being attached to horizontal sills at the bottom. This framework 
caa be shifted along on the ground by crow-bars or it caa be plac (>d on 
rollers so as to permit of its being moved into portion more readily. It 
may also be put on a flat car and provided with a turntable so that it 
can be swung sideways and thus reaeh positions outside of the track, in 
which case it is known as a track driver. When the driver cannot be 
[daoed dose to the ground, it is frequently necessary to provide exten- 
aions to the regular leads so that the hanuner can follow the pile down 
Mow the grade of the tradi. For driving batter piles, the leads are 
arranged to swing about a pivot like a pendidum, so as to give an hiellna- 
tion to the pile when it enters the ground and during driving. 

In place of the droi>hammer, a steam luunmer is frequently mounted 
in the leads. This apparatus delivers its blows in rapid succession, so 
that the acquired momentum of the pile Is not lost between blows and 
the soil has no chance to close tightlj^ around it. I'or quicksand and 
3ther sandy soils, this is a desirable feature. Another advantage pos- 
sessed by the steam hammer is that it does not broom the head of the 
pile as does the drop-hanmier. 

Another method of driving is the placing of an explosive on top of the' 
pile. For instance, a charge of dynamite is laid on a thick iron cap rest- 
ing on the pile-head and is eaq[>loded by electricity. The explooon pro-' 
duces a blow on the (die similar to that frmn a hammer. This method 
has not come into general use, however, although the scheme is an old one. 

Another and effective means of sinking piles is by using two powerful 
water jets. This method is especially applicable to sandy and gravelly 
?oils. Whenever possible, concrete piles should be driven with water jet, 
using the hammer (jiily for light tapping when the pile refuses to move. 
When the jets are fixed onto the pile, they should be placed on ojiposite 
iides in order to preserve a balance of pressures, thus tending to make 
the pile sink true to position. Inexix^rienced contractors quite often at- 
tempt to save expense by enij)loying a single jet attached to one side of 
the pile, ))ut the result is invariably unsatisfactory'. If the jetting pipe 
were located on the axis of the pile, or even if the noasle could be placed 
ixially at its point, a single jet would serve the purpose effectively; but 
these desiderata are generally too difficult of attainment to warrant the 
ittempt to secure them, except, perhaps, in the eiise of a rdnforoed-con- 
srete pile, which could be cast around a tin tube. In the ease of certain 
slayey scnb, it has proved effective to work the jet down first, making a 
tiole, then to withdraw it and sink the pile into place with light blows. 
Whm the jet is free from the pile it can be worked around on all sides, 
thereby reducing the skin friction. It is then necessary, though, to keep 
Ihe jet moving continuously up and dtnvn and sideways; for, otherwise, 
the loose material will pack around it, causing tin; pi])<' to l)iiul and making 
its removal diiiicuit. Generally the withdrawal siiouid uccui* before the 
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pile has quite reached its desired penetration, so that the hammer oaa be 
used to tap it to final position. 

In the harder kinds of clay soils an effective ejqiedient is to pRptre 
a ten-inch pipe about ten feet long with a slot about four feet loDg cut is 
one side, and a round timber framed and bolted into one end* Ths ib 
then driven Into the ground a short distance and pulled out, bringing 
ui) II chunk of clay inside the pipe. By means of the slot in the side the 
couieiit is readily removed from the pipe, and the operaliuii of drinng. 
pulling, and cleaning out is rcix'ateil until the layer of clay is pcnetratixl or 
until a sufficient depth has been reached. The concrete pile should be 
placed in the hole thus in:i(l(\ and tlien ])y using a water jet, and by churn- 
ing and tapi)ing the pile with the hammer, the pile can be driven to the 
required elevation. This expedient was used on the author's bridge over 
the Missouri River on the line of the Great Northern R, R. at Mondsk, 
Mont. There a hard clay, known locally as buckshot, was encotmtend 
in one of the abutments, and every other device that was tried for drtviog 
through it failed. 

On the Intercity l^aduct connecting the two Kansas CM^ a sin^e 
water jet was used in sinking the concrete piles, but in this case it was 
detached and was worked around them. A two-ton hammer rested oa 
.top of the pile, and a wire cable "was attached to the head thereof under 

the said himmier. Then the pile and hammer were raised with the cable 
ami churned uj) and down until the furnier reached its firud i)osition. 
In some of the foundatiunii the pih\s were driven from three to five feei 
below the ground surface, the i)its being excavated later by another coiv- 
tractor. When the drivnng ext(»nded below the surface, a tri])ping appar- 
atus wius attached to tla^ cal)le around the pile, so that no trouble wn«^ 
e}q>eri^ced in removing it when desired. For driving long piles in sand 
or gravel no method has been found to compare with the water- jet procea 
when properly handled. When water jets are not used, the steam hsm- 
mer is more effective than the drop-hammer in sandy and gravett}' 
soils. 

The driving of piles by the water jet b quite an old process; but its 
application to long piles was mitiated by the author and his cootractor 
friend, the late C. £. H. Campbell, Esq., Mem. Am. Soo. C. E., on the 
temporary piers of the East Omaha Bridge in 1893. The c onl rac ts for 
the building of that structure, for business reasons connected wHh lesl 
estate, had to be let privately and without competition; and the task 
of so letting them devolved upon the author, who naturally selectetl 
coinpnnies knouTi to hini as capable, honest, efficient, and trustworthv. 
Up lo that time no engineer had ever dared to figure on putting in wiMxirn 
piers for any bridge over the Missouri River; and, conse(|uently, the au- 
thor's so doing (of which, by the way, he wjis by no means the instigiiton 
was somewhat in the nature of an experiment. His design involved the 
driving of a large numlier cj^iress piles 80 feet long some 50 feet or 
more into the sand. When Mr. Campbell was confronted with the prob- 
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lem he remarked: ^^I don't know of any piles that have been driven by 
jetting more than twenty or twenty-five feet, and it may be impossible 
to sink them the depth that you require.'' To this the author countered: 
" But are you not willing to try?" — and being an engineer of courage, he 
was. The plans for the apparatus were made by Mr. Campbell under 
the author's direction, using two 2H-uich pij^s per pile with reduced 
orifices, some 350 gallons of water ]x>r minute, and a pressure of 100 or 
more pounds per square inch. The result of the experiment was emi- 
nently satisfacto^^^ for no trouble whatsoever was exi>erienced in the 
sinking, the time reciuired for actual driving avt ragiiig un y five or six 
minutes per pile. As a matt<»r of ex]>eriment one pile was sunk 60 feet, 
and no special difficulty was encountered hccaiisc of the extra depth. 
Ten years later when the shore piers of the ])crnianeut bridge at the same 
crossing were being huilt by another contractor, it luM nnic iKH-cssary to 
drive some 80-foot i)il(^s their full length into the sand at the bottom 
of an open crib. The contractor said he could Tiot do the job, but imder 
the direct superintendence of the author the feat was accomplislied with- 
out any serious trouble, tlie main difficulty encounteretl being to hold the 
pile down after driving. This was effected by leaving the hammer on the 
pile while the pipes were being withdrawn. 

Long piles were put down by water jets ui two of the author's bridges 
over the Fraser River at New Westminster, British Columbia. In the 
larger one the contractors were willing to accept the engineer's advice, 
'and although at first they encoimtered what they deemed serious diffi- 
culty on account of having to drive through gravel, they quickly over- 
came it by doubling the pumj^ing capacity, after which the driving pro- 
ceeded smoothly until completion. But on the smaller l)ridge (Lulu Is- 
land; till' contractor was unwilling to take advice, and insisted on putting 
in a totally inadcfjuate plant, with the result that he could not get the 
piles down to tiic required depth until after he had enlarged his plant 
and his pumping capacity. 

In the Pacific Highway Bridge over the Colunibia River at Portland, 
Ore., now under construction, iis unusually long i)ilcs have to be driven 
throufjli difficult material, the author's firm specified two jets per pile, 
each discharging 900 gallons of water per minute. It had been stated 
by high engineering authority that it is impossible to drive such piles 
for the piers of that crossing, hence the unusual precaution adopt(>d. 
Up to the time of writing the contractors had not started the pile driv- 
ing; henoe it is impracticable to state here the result of the firm's attempt 
to ''accomplish the impossible." With rose-jets, a pressure of 175 pounds 
per square inch, and a flow of 1,800 gallons per minute, it will be an un- 
usually well compacted gravel that will prevent absolutely the penetra- 
tion of the piles — nous verrons,* 

* I'list Scrii.fiirn. It is Tiovv srvcnvl months since the ahovf was written; and since 
then must of the piles for the pier-^ — in I'acI, all of (lie very long ones — have tlriven, 
and an yet no spc'ciui dirticulty ha^ been exptfrieucccl in putting them down. 
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As a puido to those substructure contractors who are willing to profit 
by the experience of others, the author offers the foUowing data con- 
cerning the driving of piles by water jets: 

Where the penetration is fifty feet or over, or where the material 
to be penetrated is unusually hard| there should be provided a punap c( 
the following dimensions: 

Diameter of steam cylinder, 16 inches. 

Diameter of pump pistons, 8 inehciiB. 

Length of stroke, 12 inches. 

Revolutions per o^niite^ £0 to 75. 

Gallons per minute, 500 to 750. 

Suction, 8 inches. 

Discharge, 6 inches. 

Diameter of jet pipes, 2)4. inches. 

Diameter of hose, 2Y2 inches. 

Steam pressure, 120 to 150 pounds per square inch. 

Boilers with more than enough capacity to supply the pump or pumps 
under the most unfavorable conditions possible. 

Jet pipes of double strength, and the strongest procurable hose. 

The nozzle diameter for plain jets should be one and a half inches; 
but rose-jets also should be provided, as they make a larger hole than do 
the plain jets, and are exceedingly useful when coarse gravelis encountered. 
A 504oot section of hose on each jet will generally suffice, provided that 
a stand-pipe for each jet is extended half way up the lobds of the pile 
driver. 

Hie difficulties ordinanly encountered in pile driving are doe to ob- 
structions, such as boulders or sunken logs, in the path of the pHe. A 
steam ^«Mwniftr is effective sometimes in cutting throui^ logs, whik t 
water-jet will tend to displace boulders. Quicksand makes hard driving 

unless a water-jet is employed. No pile driver outfit is complete without 
a water-jet equipment. A layer of cemented gravel is often eueountertvi 
near the \w(\ in streimis; and it must be pierced in order to obtain tin 
de.sired i)eiietratiuu. If its point be shod with iron, the pile may oft^n 
be driven through such a layer; but sometimes it is ner(>ssary first to 
drive through it a bar of steel, such as a piece of slialting or a railroaJ 
rail, in order to break the crust, after which the pile will penetrate. 

One of the most serious troubles to guard against is that of overdriving 
the pile. The symptoms of overdriving are small penetraticm per blow, 
springing and vibration of the pile under the shock, brooming of its heed, 
find a sudden change in the amount of penetration per bkyw. Penebir 
tions smaller than a half hich should be viewed with susplcioiL A nam* 
ber of cases are now on record (see Vol. 10, Flart 1, page 572 «f ssg. of the 
ProoeediniiB of the American Railway Engineering Assodatioii) where jBm 
were driven without api>arent injury, but when exposed by subsequent 
excavation were found to be shattered and badly broomed at the point, so 
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that the effective bearing was much reduced. More damage can be done 
by overdriving than by underdriving. A knowledge of soil conditions 
gained from borings will materially aid the engineer in passing judgment 
on pile driving. 

To estimate the cast of driving piles for any particular job, the engi- 
neer should consult cost data obtained from other somewhat similar jobs, 
consider thoroughly the conditions which ;ire diflerent, and adjust his 
estimate to correspond. A great d( al of cost data is now published in 
convenient form; and the engineer should consult these records, if his 
own do not cover satisfactorily the case in hand. The principal factors 
that will affect the cost of driving are the kind of material to be pene- 
trated, the amount of penetration, the type and material of the piles to 
be used, the method of driving, the cost of labor, the practicability of 
using water-jets, the convenience of the location of the piles to the driver, 
and the traffic restrictions or other possible interferences. 
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PIERS, F£0£STALB| ABUTMENTSj BfiTAlNlNQ WALLS, AND CULVERTS 

This chapter treats mainly of the sfu^ of piers, pedestals, abutments, 
and retaining walls, because the portions of those constructions below 
water have already been discussed fully in Chapters XXXVIII to XLI 

inclusive. However, spec ifi oat ions for piers are presented herein so as to 

bring together in one place the necessary instructions for determining the 
general features and th(» details of design of the various types employed 
in a bridge engineer's practice. 

Pier shafts may be divided into the foliowiug classes in respect to 
the materials of which they arc built: 

1. Stone masonrv. 

2. Brick masonry. 

3. Unprotected concrete, either plain or reinforced. 

4. Concrete protected by a belt of stone masonry or steel plates. 

5. Oblong steel shells filled with concrete. 

6. Cylinders filled with concrete and braced with steel or with steel 
and concrete. 

7. Braced steel towers. 

8. Timber towers or cribbing. 

In respect to which of these eight kinds of piers it is best to adopt 
for any particular crossing, the engineer must use his judgment, which, 
however, may be aided by the following remarks that are based mainly 

upon the author's personal experience. 

Piers of stone masonrj' for numy years were used almost exclusively 
for important bridges; but today they are seldom employed, as concrete 
I)iers are nuieh eliea])er and just as good, if not better. It is only ocea- 
siomUly that one now hears of a stone niaM)nry ]>ier being called for in 
America, although one promim^it engineer in this country still exhibits a 
I-reference for the more expeiLsive material and api>ears to be able to 
jHiTsuttde his clients to pay for the doubtful luxury. First-class stone i.s 
a sine qua nan for stone masonry piers, because poor stone would not be 
cither as strong or as durable as ordinarily good concrete. 

The proper way to proportion a masonry pier is to detxTmine the least 
size under coping to support either the pedestals themselves or the ped- 
estal-blocks, as the case may be, leaving a small margm on the exterior 
and ample room between pedestals or pedestal-blocks to allow for varia- 
tion ui erection, then batter the pier all around not less than one*half 
inch to the foot, or as much more as investigation shows to be necessary. 

1020 



Digitized by Google 



PI£B8, PEDESTAI^, ABUTMENTS, BBTAINING WALLS, ETC. 1021 



The coping should project all around about six inches, the amount 
poruling upon the magnitude of the ])ior and the thickness ot the coping 
course, which should be from eighteen to twenty-four inches. 

The batter for the sides is to bo determined in the f()llo^\nng manner: 
First compute for both the loaded and the empty structure the greatest 
longitudinal components of the total wind-praKure that can come upon the 
pier from the two spans which rest thereo&i upon the assimiption that 
the £ricti(m at the roUer ends of the qwos is sero. The longitudinal 
thniBt is to be taken as seventy (70) per cent of the total transverse wind 
kiad. Find also the greatest traction thrusts from braked trains on the 
assumptions that, firrt, the greatest live load is on the structure, and 
second, that the kast live load, or one thousand pounds per lineal foot, 
is on the same. Now find the vahies of the foilowing combinations; 

1. Thrust from wind load on empty bridge. 

2. Thrust from heaviest braked train. 

3. Thrust from wind load with lightest live load on the spans. 

4. Combined thrust from lightest possible braked train, and a wind- 
pressure on train and structure equal to om^half of that specified. 

Next detemiine l)y judgment the i)roix?r batter, and lay off the ])ier 
to scale. Then divide it by horizontal planes from four to six feet apart, 
and compute the weights of all the portions of the masonry between 
these planes, making a proper reduction for weight of water in the cases 
of those parts which would be submerged by an average stage of river. 

Next compute the wind-pressure on each vertical division of the pier, 
down to the assumed stage ol water, in a direction parallel to the epans, 
using the same intensity and direction for the wind-pressure as weie 
adopted in finding the longitudinal thrust from wind-pressure on the 
bridge. 

Neart find graphically for all four cases the curves of pressure from- 
the vertical and horizontal loads at top of pier, combined with the weights 
of the various divisions of the latter and the wind-pressures thereon, and 
see that none of the said curves at any plane of division pass outside of 
the middle third of the section at the said plane. If any of the ni do, the 
batter will have to be increased, or, if all the curves fall much inside of 
the middle third ix)ints, it will have to l)e decreaseil; and in either case 
the graphical computations will have to be made again, and so on until 
a satisfactory batter is found. 

The author is aware of the fact that this method of designing piers is 
not in general use, and it is quite possible that he is the sole engineer who 
adf^ts it; nevertheless he maintains that it is the only proper way to 
design masonry iners. The single concession which he would be williqg 
to make on the score of economy would be to assume that a certaui small 
portion of the thrust on a span is taken up at the roller end. But if the 
rollers are in good Working order the amount of thrust that they will resist 
ib very smaii uidced— so siuun, ui iact, that it is best to neglect it entirely. 
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The ordinary method of proportioning piers is to make them as email 
as possible tinder coping and batter them all around, or at least on the 
adesy one-half inch to the foot. In some C&S68 this will suffice, but in 
others it will not. One of the largest bridges in the United Stales has 
piers built with such insufficient batter that it is evident at a glance, to 
even an untrained eye, that something is wrong. One of these piers ii 
cracked frobi top to bottom, owing to false economy in the design, but 
not because of its failure to fipiuro properly for the curve of pressure. 

An inherent sense (jf fitness in the mind of the designer will generally 
tell him, when he looks at a scale-drawing of the superstructure and piers 
of a bri<l^(\ whether the latter are properly proportioned. In the cat* 
of the livd lioek cantilever bridf2:e over the Colorado River the piers were 
first laid out fourteen feet wide under c(3ping, with a batter of half an 
inch to the foot, and the drawings were submitted to the auUior for his 
criticism. He immediately pronounced the piers to be propartioned in- 
correctly, simply because of their appearance. Their designing was tbea 
turned over to him, and he found by trial that a batter of one and a quarter 
inches to the foot was necessaiy. This batter gave a satisfactory i^pmr- 
ance to the entire layout. 

In neariy eveiy case the length of the piers up and down steeam, detv- 
mined by the minimum sise under coping and the proi>er 8ide4Mitter for 
thrust, will provide suffident strength and stability to resist both eorrent 
and wind-pressure. A thorough investigation of resistance to overturn- ' 
ing of piers dowTi-streani is given in leaker's "Treatise on Masonrj' Con- 
struction." In it he proves that any pier which is large enough under 
coping, and which has ordinary battf r, will resist proptTly the overturn- 
ing tendency of the worst jM)ssil>le coniliiuation of loads from wind, cur- 
rent, and floating i( e. Xevcrtheless, in long-spnn. single-track bridgt^ 
with very tall piers, cros.sing swift streams that carry thick ice, and where 
the structure is exposed to high winds, it is advisable, as a matter of pre- 
caution, to test the piers for down-stream overturning according to FioL 
Baker's method. Should the length of pier parallel to the stream be 
found insufficient, the neatest way to obtain the requisite statMiity is to 
put in a cocked-hat just above the elevation of extreme higfi water. 

When a masoniy pier rests on bednrock, the latter should be kmfed 
or stepped off, and there should be placed a layer of rich concrete betvpeen 
the rock and the masonry. 

Brick piers are not common in America, probably because, until lately, 
it has been difficult to obtain pro])er brick. In the author's opinion, piers 
built exclusively of hanl-buined clinker brick and mortar of the very 
l)est quality of Portland cement, mixed in the proportion of one ptyt of 
cement to two parts of sand, and having thin joints perfect ly filled, are 
better than the a visage masonry pier, for the reason that the bricks will 
never disinti'grati^, while the average stone used for bridge-piers will. 

Unprotected concrete piers are satiafaoUwy wherever there is no ioe 



Digitized by Google 



PIERS, PEDESTALS, ABUTMENTS, ItKTAIMNG WALLS, ETC. 1023 



of any account carried by the stream. In order to obtain a smooth, neat 
finish on the exterior surface of concrete, two methods are employed. 
The more common one is to spade back the stones from the form by the 

use of stone-forks. This sometimes produces a fair finish, but too often 
it does not. When the surface is too roupjli for apiK'araiK c, it can l)e 
isiuoothed soon after the forms art^ reinoviHl by rubl)inj^ it down with co- 
rundum Ijricks, applicil generally by hand but preferably by jKJwer; or 
it can be covered with groutinj^ put on })y a pneumatic pm. How dur- 
able the eoatinj^ thus ^iven will prove will deix'nd greatly upon how 
rough, clean, and wet the surface covered was made and how thoroughly 
the coating was applied. TroweUng on a skin-coat of mortar to even-up 
the irregularities of surface of a pier is a most unsatisfactory way to 
improve the appearance of the construction; for the said skin-coat sooner 
or later peels off and leaves the surface even more unsightly than it would 
have been had no attempt at all been made to improve it. The other 
method of securing a smooth finish is described in full detail in the sped- 
fications of Chapter LXXDC. It consists in carrying up simultaneously 
with the concrete an exterior shell of an inch and a half of mortar, keep« 
Ing the latter separated temporarily from the concrete by small, thin, 
steel plates that are removed and used over and over again as the work 
proceeds. This method is a little more expensive and troublesome than 
the spading-l)ack metluxl; but it is always sure of giving satisfactory 
results. Contractors ilodge its emi)loyment all they can — to the detri- 
ment of the a'sthetics of their work. 

Various ty|X'S of shafts are employed for concrete piers, as they can 
be formed verv' readily to suit any condition. The onliiiary solid pier 
with rounded encls is the tyfX) most commonly used, liccaiisi' it is the 
most substantial — Ix^sides having the best ai)pearancc. However, for 
other high or long piers, especially those supporting heavy spans and 
thus requiring widths of considerable amount, this type f)ecomes very 
oxpeiisiv^e on accoimt of the large mass of concrete in the centre that is 
of little value so far as supporting the loads is concerned. Some of this 
extra concrete can be easily dispoised with in one of three ways. In 
the cheapest construction the shaft can be built in two separate cylinders 
or square colunms, each supportmg one shoe from the adjacent epeaaa and 
bdng battered the same as ordinary piers so as to give them greater 
strength. Such piers should be employed only for cheap highway bridges 
over unimportant rivers where there is no danger from ice or drift. A 
more satisfactory construction connects the two cylinders or columns 
witii a sul)staiiUal diiiphratrm, usually of reinforced concrete, forming 
what is sometimes teruud a dumb-bell pier. The two shafts and the 
diaphragm are connected with a full-wndth coping, the central portion 
being reinforced as a matter of precaution, even if it receives no regular 
structural load. l']xe»'j)t for tin* (lucstion of a'st hiiics, this type of pier 
can be made as sati^ifactory in every rcbpcct as tht^ solid pierj and it is 
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nearly always considerably cheaper. However, its app(^urance is objected 
to by 8ome persons; and where such objectknis exist, the t \v(i shafts can 
be connected by reinforced side walls, producing in general effect a solid 
pier. The well thus formed should be covered by a full-width, reinforaed 
coping, extending over both shafts. Moreover, opmings ahoukl be pro- 
vided in the side waUs at the top and bottom to permit the equaliang 
of the water level inside and outside of the wdl aa the stage of the rim 
varies, thus pteventing any hydrostatic proasuro on the walls. VHwre 
these walls ate very long, they can be supported at intorals by ctobb 
walls. This type of pier is not so economical either in materials or in 
constniction as the dunilvbell pier. The details for these various types 
of piers luUjptet' in the author's practice are fully covered in the speci- 
fications at thu end (^f this chapter. 

Pivot piei's for thiiw-spans are more and more U^in^ constniote<l of 
the cellular form as just described. As a ru\v. t\\vy consist of an outer 
ring, supporting the rollers or the balancing wheels, connected by radial 
diaphragms to a central core that carries the pivot or centre ffftsting A 
larjio economy is often thus effected. 

The copings of concrete* piers are sometimes made of stone; but more 
frequently they are finished off either with rich concrete of small broksn 
stone, or with granitoid mixed in the proportion of one part of Bortiand 
cement, two parts of fine granite screenings, and three parts of finely 
crushed granite. 

The method of designing and pi u])c)rtioning concrete shafts is eiaettf 
the same as that explained for the designing and proportioning of stone 

masonry shafts, except that the curve of pressures neetl not be kept within 
the middle third of the section, provi<ii (l that reinforcing rods be em^ployed 
to take u]i tlic tension caused by the bending moni< nts. 

As before mentioned, where coni'rcte piers are suhjictiMl to abrasion 
from heavy ice floes, ihcv must br j)n>tecte(l by means of a Ix hing foiirse 
of hard-stone mai»onry or steel plates for at least the vcriical range of 
the ice. Usually the latter of the two materials is adopteil, because it 
is nearlv alwavs more economical as well as more efficient. It will often 
be sufficient to protect only the up-stream fnec and a short length of the 
adjacent sides; but sometimes it will be found necessary to piste the 
sides for thdr full length, m which case a complete belting courBe wii 
be advisable. Where such is the case, espedally in piers of 
height, a steel shell covering the entire shaft may prove economical, for 
then it can be made to serve as a form, thus eliminating all timber fonw 
except that for the coping. Ice breaks are frequently needed where thp 
ice forms in excessive thicknesses or where the river is subject to destruc- 
tive ice-jams; and ;ui engineer should always ascertain the prol)able needs 
of ihc case in hand, particularly as the omission of thi^ mean:s of breaking 
up tho if'c may prove (hsastrous to the structure. 

\\ heu Uie footing course or the bottom of a pier shaft rests on a cnb 
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or caisson, then? should be a space of a foot or two all around between 
the exterior of the shaft and the inner walls of the colierdani of the said 
crib, in order to provide for a possible error of fiiml position of the pier 
baae, this otTset bdng a little greater for concrete piers than for those 
constructed of other materials, so as to pennit the placing of the timber 
forms. 

Steel shells filled with concrete make very satisfactory piers, provided 
they be not nsed in salt or brackish water, which would rust them out 
in a short time. Such piers can be built in the usual form of masonry 
piers with rounded ends all the way up; or, in case of highway structures, 
when they pass much above high water, they may run off into two cyl- 
inders with bracing between. Butt-splices are preferable to lap-joints for 
the steelwork. This style of pier usetl to \ye. a favorite one of the au- 
thor's, for the reason that it is both sip;htly and inexpensive. When 
taken to tiusk for using it, sm often hap{x^ned, he used to reply, "Good 
concrete i)r()teeted \v\\h steel is better than poor masonry." In respect 
to the thickness of steel to use, the author's practice is to adopt half 
an inch of metal Ix'low the ordinary stap;e of water and threcwiphths of 
an inch above, although for cheap Ijridges he occasionally shades these 
thicluiesses one-sixte(M\th of an inch. For the coping of such piers stone 
may be employed; but it is preferable to put on a moulding of sheet metal, 
as this is inoro in keeping with the rest of the pier. This style of coping 
has been cnticlscHl on the plea that it is false, and that it has no direct 
function; nevertheless, the author considers it eminently proper to use it, 
and that its function is simply to beautify the construction by relieving the 
harsh outlines. 

Cylinder piers filled with concrete used to be the most common kind 
of pier in America, and they are certainly the worst; nevertheless they 
have their place in good construction, when they are projMTly designed 
and built. Their abuse is due mainly to the builders of cheap highway 
bridges, who think that if the top of the cylinder is simply large enough 
to hold the pedestals, that is all that is necessary, no matter how high the 
I)iers may be, how great may l)e the scour, or what kind of fomidation 
there may be. If piles are employed as a foundation, they put in all that 
their small cyhnders will hold, and never dream of its being necessary to 
figure how many tons each pile will have to sustain. Cj'linder piers are 
legitimate construction in places where, under the worst possible condi- 
tions in respect to scour, they will have a firm ^rrip in solid material, say 
not less in depth than twenty per cent of the height of the entire pier. 
Cylinder piers will not often stand the test of the curves of pressures 
herein described for masonry piers; but this is not necessaiy, because 
they can resist tension on one side in both the metal and the concrete, 
if the latter be of the correct quality; i. e., the cylinders can act as beams 
to resist the horisontal thrust of wind and trains in the same way as do 
many oolpmns of elevated raihoads. Nevertheless for railroad bridges the 
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author would advise against the adoption of long cylinders for piers, on 
account of their inal)ilit3 to resist vilmition effectively, lii some eases it 
is economical to adopt a group of four comparatively small cylinders well 
braced on all four faces; l)ut with this style of foundation it is generally 
customary to employ braced towers resting on the cylinders. The diam- 
eter for a cylinder should depend not only uim)u the size required at the top, 
but also upon its height and the character of the foundation. It is some- 
times governe<l also by the total vertical load to l)e carried, the intensity 
of which should never exceed the limit set in the specihcations given 
in Chapter LXXVIIL It is economical sometimes to increase the diam- 
eter of a cylind(T l)etwTen top and bottom, but in such cases the lower 
twenty feet should be made plumb so that the cylinder can be sunk with 
ease and accuracy. This detail was adopted for the Jefferson City Bridge, 
the variation in diameter being obtained by telescoping some of the lengths 
and putting ui filling-rings. This required a trifle more metal than truly 
conical piers would necessitate; but the shopwork was much simpler. 
However, with the present shop facilities conical piers do not present the 
difficulties they did in the past. 

The bracing between the up-stream and the down-stream cylinders of 
a pier in the river should i!ivarial)ly be of solid webs properly stiffened, 
extxmding from high water to near low water, in ease there be any drift; 
but for cylinder j)i(^rs on shore an oiK»n bracing of struts and ties will 
sometiuK s suflice. Details of the latter t^-pe are sho\\Ti in Fig. 43a. In 
some of his constructions, notably the Columbia Riv<T l^ridge at Trail, 
British Columbia, the author has employed a steel box girder filled with 
concrete between the two t \'linders so as to increase the mass that has to 
resist the shock of ice and drift-wood. Fig. 436 illustrates such bracing. 

Portland cement concrete of the very best quality should be used for 
filling cylinder piers ; and the filling should be done with the greatest care 
and thoroughness. Whenever the concrete has to be placed below water, 
it should be put in by using a tr6mie; and the composition of the concrete 
should be much richer than for concrete laid in the diy. 

Whenever a cylinder is sunk to bed-rock, it should be let into the 
same far enough to prevent all possibility of slipping, and so as to give 
an even bearing all around the circumference. This is an easy matter 
when the pneumatic process is employed for sinking, but it is often diffi- 
cult in the case of ojx'U dredj^ing. 

Coneerning braced stef'l piers or towers Init little need l)e sjiid. exeept 
that they should eonfonn in their desit^n with the sj)et'ilieations given in 
Cha|)ter LXXVIU. It is advisai>le, if })raetienl)le, to avoid battering 
more than two f:ie(»s of a brac<'d pier, «>n account of the troubles<»me 
shoi)\vork that would be involved with a hnir-face batter; nevertheless 
it is often necessary to adopt such eonstmetion, esiK'cially for high piers. 

Timber piers are merely a makeshift; hence they do not merit much 
consideration. They are employed sometimes to support steel bridges 
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until mon^ is available for building maaoniy piers. It is seldom that 
timber pierB are built in Ungid nvm where the cuirent is rapid and the 
scour is great. The author was onoe forced by circumstances into build- 
ing inle piers under these conditions; .and, although th^ served their 
purpose excellently, and were in a good state of preservation when re> 




Fig. 43a. Detaib ol Open Bnumg.for Sted Cylinder Fien. 



moved aftor ten years of servicr, ho does not recommend their adoption, 
because of the uncertjiinty of their ability to resist scour, ice-abrasion, 
drift-gorges, and fire. The piers referred to were the temporaiy jners 
of the East Omaha Bridge over the Missouri River. They were conr 
siructed hi the winter, mostly on a sand-bar, by driving grouiw of seventy- 
foot, red-oypress piles fifty feet into the sand by means of pcwerful wat^ 
jets, then sheathing the sides and the nose of each pier vrith four-Inch oak 
planks and bracing the piles on the inside. The nose was on an Incline, 
faced vnih steel plates where the ice could reach it, and forming a cutting 
edge cappt'tl with a heavy railroad rail. Eacli pier was surroumlcd with 
a woven willosv mattress, ci^;lit»'('U inches thick, of the most substantial 
character, sunk and kept in place with rock. TlH\se piers received a much 
more severe test than was anticipated when they wen? designed, l)ecause 
the channel shifted across the river, so that at times there were thirty- 
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five feet of water where there was a dry sand-bar when the bridge nn 
constructed. The mattresses were not injured by tbe aoouTy but 
simply lowered, tbe edges gomg deeper than the portuMOUB near the puni 
The only ill effect noticeable waa the Bpringmg down-stream of the tops 
of two piersy in cm cam about m inches and in the other about efevoi 
inches. In order to bring the tope ol these iners partial^ back to plaee 
and prevent any further deflection, the author employed a detail whicfa 
prored to be very satisfactory. It ooninsted in passing one end of a strong 
iron chain loosely around an up-stream pile and dropping the loop to th? 
bottom, then attaching ncai ihu otluT end of the chain a stwl ro<l with 
an adjusting doince. A miiubcr of th(»se chains were used for each pier, 
the nxis passing through heav>' timl>ers on the down-stream end near the 
top. By screwing up on these adjiLstnieiits the tops of the two piers were 
moved back a little. Provision was made for future scorn* by leaving some 
Spare chain beyond the point at which the rod took hold, so that OM 
cliain at a time could be loosened, lowered, and re-tightaiied. 

Pedestals are used where shallow foundations are permissible and 
where the loads to be smarted are moderate. Formedy they were 
made of stone masonry, but today, in America at least, they are Invariab^ 
built of concrete. This is generaUy plain, but it is reinfmed when tbe 
base is spread ra]»d]y. It is customary, for ^)peanmoe, to batter ped> 
estate unifoirmly where tb^ are visiUe, and for economy to step off those 
parts of tlie bases which are alwasrs hidden either by the ground or by 
tbe water. The top of a pedestal is designed so as to carry properly the 
greatest possible load that can come upon it; and tlic Ijottom is pru[x>r- 
tionod so as adequately to supi)()rt the said load plus ihv weight of the 
pedestal itself, when due consideration is given to the special character 
of the foundation. The batter on the faces will generally be about two 
inches to the foot, altiiough in some extreme cases it might be reduced 
to one anil a half or raised to two and a half inches — or even more, should 
the total height b* -mall and the foundation soft. WTien a pedestal rest^ 
on rock or other truly hard mat<?rial, the area of the base should usually 
be kept small; but when the foundation is soft, either piles should be 
emfdoyed or the base be made unusually large. In most cases the fonncr 
method is the better, but there are conditions where piles would do more 
harm than good by breaking up a stiff stratum of day overlying a mudi 
softer one of that or some other materiaL In sudi a case it may prove 
necessary to adopt spread footing3 property reinforced, as discussed oo 
pages 857 and 938. Again, it is often necessary to go to a lower eleva- 
tion with the base when no piles are employed tiian it is when tiie}* are 
adopted. In designing any peclestal, thought must !)e given to the pos- 
sibility of the base ever being exposed either by removal of the surruuiid- 
ing earth or l)y lowering the water Icn'el. If such a contingency is pos- 
sible, the neat work or shaft should lie carried far enough down to pre- 
vent the api>earan('e of the structure from being injured by the expoeun 
to view of the uniughtly stepping. 
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In figuring loads on pedestals the effect of transferred wind load and 
that of ( ( Titrifugal load must not be overlooked. Again, especially in 
elevated railroad work, when solitafy braced bents or solitary columns are 
employed, in addition to the usual loads on the foundation there will be 
an increased pressure due to bending moments — ^both longitudinal and 
transverse. If a pedestal base of dimensions k and h be subjected to a 
central load P and to a moment M tending to cause rotation in a direc- 
tion parallel to the dimension k, the unit pressure / at dtiier edge of the 

Ii£ h 
base, when -p (or the eccentricity e) is less than — , is given by the formula, 

h 

When e is greater than — , there is a tendency to uplift along one face; 

and the maximum pressure is 

h 

When 6 equals the unit pre&sure is zero at one edge, and at the other 

o 

it has the value 

2P 

/ = -j^. (Eq. 31 

All colmnns should be anchored to the pedestals in a substantial mao- 
ner; and if there is any tendency whatsoever to overturning, the connec- 
tion of the anchor bdts to the steelwork should be such as to develop 
the full strength of the said bolts. The figuring of anchor bolts is fully 
discussed in Chapter XVI. In the case of a high, narrow trestle or tower 
resting on bare rock, there may be a tendency on the part of the designer 
to cut down tlic pedestals to a niininmni, and this is legitimate so long as 
the mass employed is suilicicnt tu resist rtuiiiiiig with an ami)le faetor 
of siifety, or in caae that the anchor bolts are t»ct a considerable distance 
into solid lurk. 

Abutments are used at the slioro oiids of spans to retain the bank 
as well a« to carry the vertical loads from the span. They should l^e 
designed as retaining walls as well as piers. There are four types, viz., 
straight, wing, and T abutments. The size of the top is fixed by the 
requirements of the span. The size of the base is to Ixj determined by 
the magnitude and position of tlie verticiU and horisontal loads, and 
the beanng capacity of the foundation. Tiie necessary conditions to in- 
sure stability are treated under the discussion of retaining walls. The 
centre line of bearing of the shoes should be kept toward the back of the 
abutment as much as possible. The distribution of pressures on the base 
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should be investigated to see that the vadt praasure at the toe does not 
exceed Uie allowable bearing value of the foundation; and this is especially 

true of yielding foundations, whore such excess will cause a shifting of the 
centre of rotation and a rapid decrease in the stabiUty of the abutment. 
In the case of wing abutments, it will l)c found that, owing to the load 
from the span being carried b}' the head-wall, the latter will have a larger 
unit bearing than the wing-walls, and hence will tend to settle more than 
these and thus to produce a crack at their junction. Tliis can l)e avoided 
either by making a slip-joint at this place or by putting in sufficient rein- 
forcing steel to make the entire construction act as a unit. 

Abutments should be designed so as to secure the following conditions: 

The structure must be stable against overturning about any point in 
the front of the footing or on the faoeof the wall, and must be safe against 
crushing at any of these points. It must also be stable against sliduig 
on the foundation or on any horizcmtal section through the structure. The 
unit pressure at the toe must be kept within the safe bearing capacity 
of the foundation. The abutment should protect the embankment against 
scour and prevent the surface drainage from washing away the earth at 
the l)ack of the w^all; and it should afford an easy and continuous track- 
connection from the cml)aukment to the sjian. It should be drained in 
the same manner as any other form of retaininsr wall. 

Abutments may be made of masonry, of solid concre((\ ur of the hol- 
low reinforced-concrete Tyi)e with counterforts. An excellent comparison 
of the various types wit!; f xtensive data on quantities and costs is to be 
found in an article by J. ii. Prior, Esq., C. K., which was printed in Vol. 
13, pages 1084-1150, of the Proceedings of the American Railway Engi- 
neering Association. In the Committee Report in Vol. 10, Part 2, of their 
Proceedinff8 a valuable fund of information is to be found concerning the 
design and details of abutments, and in addition there are given maity 
data r^;arduig abutments actually built. 

There is another type of structure known as the buried pier which has 
some advantages over the customary abutment. In this esse tiie em- 
bankment is aUowed to spill aroimd a small pier until it is nearly burie<i, 
thereby in a large measure eciualizing the earth thrusts in front and rear. 
A short girder span is oftc^i used to connect wnth the main span whi( h rests 
on a main pier at the bank of the stream. Where there is no danger of 
scour, this is an economical structure, jis it requires no wing walls; and the 
difference in total cost between a layout with biuitnl piers and one with 
abutments is often so great a.s to warrant a considerable expenditure of 
money for the protection of the embankment against scour by the adop- 
tion of rip-rap along its too at end and sides, carried up to and a Uttle 
above liigh-water mark. An advantage possessed by the buried pier 
layout is that it usua% increases the area of the waterway — a matter which 
sometimes is of considerable importance. 

Retaining walls, like abutments, may be of masonry, of solid concrete, 
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or of reinforced concrete either with or without counterforts. They should 
\xi desired to act as a unit and to resist the nuixiinuin earth pressure 
that can come ap;ainst them. To prevent an accuniuhition of water in 
the rear of the wall, a drain tile should Ix? laid near the pround-lini^ and 
covered with broken stone. Weepers should lie provided so lus to let the 
water pass off quickly without developing an objectionable hydrostatic 
preesure against the construction. The factor of safety against over- 
tuming about the front toe should l^e not less than two, and the coeffi- 
cient necessary to prevent sliding should never l)e taken greater than 0.4, 
even when the foundation is rook. The width of base should never be 
less than four-tenths of the total height, and often this limit should be 
increased to one-half. Attention must be paid to the distribution of 
pressures on the base and to the character of foundation, t. e., whether 
or not it be gelding. With a yielding foundation the point of rotation 
is shifted back from the face eo that the danger of overturning increases 
rapidly. To study this distribution of pressure on the bjise as well as to 
design reinforccd-concretc walls it is necessary to approximate the earth 
pressures acting on the wall. 

As a biusis for such a])proximation the author has adopted Rankine's 
formuUe for conjugate pressures in granular masses devoid of cohesion as 
giving the limiting pressures to which a wall may 1x5 subj« t tcd if projxTly 
drained. These formula) have ])een widely published and are used by 
many engineers. The American llailway Engineering Association haa 
also adopted them until further investigation develops something more 
reliable. Friction between the back of the wall and the contiguous earth 
is neglected so as to secure a greater factor of safety. These formul®, 
assuming' the wall length to be unity, for a horisontal hacking without 
surcharge are as follows: 



Intensity of pressure. 



1 — sin 0 
1 H- sin ^ 



Total pressure (horizontal), 



„ tc 1 — sin ^ , 
2 1 + sm ^' J 



Overturning moment, 



^* ^ w fc* 1 — sin ^ ^ 
3 0 1 -f sui ^ i-^ J 



where iv = weighi of earth in pounds per cubic foot, 

h = h(;ight of wall in feet, 
and tp = angle of repo-c of material forming the tracking. 

For a vertical wall witti a surcharge at an angle 6 with the horisontal, 
the total pressure (parallel to surface slope) becomes 
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P = — wA«cob5X— 7 — lEq. 7] 

2 cos 0 4- V C08* 6 — cos* ^ 

and where 6 is equal to ^, tbb formula reduces to 

P ^ ~ w h' cos v'. [Eq. 8) 

Attention should be calltKl to the exact a^rccini'iit V)otvveH'n the Uan- 
kine fonimla for total pressure on a vertical face with level hack-fill with- 
out surcharge and the corresponding Coulomb formula, which is based on 
the maxunum sliding earth wedge* vix. 

P-^u?A«tan«(45*-^). [Eq. 9] 

As representing avenige conditions, the author assumes 

w » 110 lbs. per cu. ft., 
and ^ » angle corresponding to to 1 slope. 

We then have the following formulic: 
For no surcharge, 

V - 31.4 h, [Eq. 10] 

and P - 15.7 A*. [Eq. 11] 

For a level surcharge of height h\ 

P. = 15.7 h{Ji^ 2 h'). [Eq. 12) 

For an inclined surcharge of indefinite extent maldng an angle with 
the horizontal equal to a 1}/^ to 1 slope, 

P', = 45.8 h\ [Eq. 13J 

The corresponding values of the moments are 

M = 5.2 h\ [Eq. 14] 

M, = 15.7 (y + /i'), [Eq. 15] 

and Af = 15.3 A* [Eq. 16] 

Between the above limiting conditions of surcharge there will be found 
various combinations m actual practice, and the designer in such a case 
will have to choose such an intermediate value as will best fit the condi- 
tions. Fig. 43c will be found convenient for determining pressures and 

positions of resultants for the case of no surcharge, that of a level sup- 
clutrge, or that of an inclined surcharge of indefinite extent on a IJ/^ to 1 
slope. This diagram was preparetl on tin* assumption tiuit w is equal 
to 100 pounds per cubic foot; and the values for any other unit weight 
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of back-filling can be readily computed by direct proportioii, lunng a slide 

rule. 

ILi\iiig approximated the earth thnist, it is then combined witli the 
weight of the wall uud any earth prisin rcisLiug ou the back thereof; aud 



P iff SO , ^ J87 




C fO iO 0 40 M 

Fio. 43c. I'.irtli Preasuree £or Retaining Walls. 
NoTB. — ^For inclined Hurcbarge P Is pftnllel to BurchargB slope. 
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the resulting force is found by the usual prooess. This resultant fay its 
amount, position, and direction detennines the upward pressures and 
their intensities which act along the base of the waU. These intensities 
are considered to vary as do the ordinates to a stnug^t line. For their 
determmation we proceed as follows: 

Let V B vertical component of the resultant^ 
B = full width of base, 
and Q = distance from toe to the force P at base. 

Thai when Q b equal to or greater than p the presEure / at the toe is 



/- (45 -6g) 

while at the heel it has the value, 

/«(6Q-2B) 

B 



y 

B^' 



IEq.171 



lBq.18] 



When Q is less tiian ^ the maximuin unit pressure is given by the 
formula, 



[Kq. 19] 



Tn no ca^ should tho intensity of pressure at any part of a foundation 
exceed the allowable Ix^aring value for the material considered. 

There are two t\'pes of reinforced-concrete retaining walls, the canti- 
lever and the count<^Tforted. 

The cantilever type is suitable for low walls only — say twenty (20) 
feet high as a maximum. As shown in Fig. 43d, it consists of a vertical 
face-wall or stem supported by a base-slab, with reuiforce- 
ment as required. For economy, the stem should be so 
located that the toe projection is about one-third of the 
width of the base. 

The equations already given in this chapter will suffice 
for finding the foundation pressures or for computing the 
width of the base. To determine the sections of the 
wall, it is then necessary to figure the stresses at the 
bottom of the face- wall and in the footing-slab at \mA\\ 
the front and the rear thereof. The section at the bot- 
tom of the face-wall is to be figured for the moment and 
the shear produced by the horizontal earth pressure and 
for the du-eet load of the face-wall itself. Fig. 37w will 
l)e found useful for this purpose. The imit shear at 
this place should be kepi low for the reasons given 
later. F.vidently reinforcement will be required in the rear face 
only. The thickness at the top is made the minimum desired — 
rarely less than twelve (12) mches— and the wall is battered um- 




FiG. 43d. Canti- 
lover Retaining 
WaU. 
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formlj' from top to bottom at the back. The soction of the footing 
at the front of the face-wall is to be figured fpr the moment and 
the shear produced l)y the upward procure of the foundation beneath, 
reduced properly for the weight of the footing itself. The design is to 
be made in accordance with the notes tpven cm pages 861 and 939 under 
the headings "The Calculation of Stresses in Wall Footings/' and "The 
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Fig. 43e. Coimterforted Retaining Wall. 

Desi^i of Wall Footings." Kcinforccmont is needed in the bottom only. 
The section at tlu' l)a('k of tiio face-wall is to be proportioned to resist 
properly the downward moment and the shear proiluccd by the earth al)Ove 
and tho footing slab, reduced by the upward moment and the siicar of thr* 
foundation pressure lM*neath. The (Titicnl "Section should be taken at the 
centre of the face-wall reinforcement rather than jit the back of the wall, 
as tills reinforcement furnishes the reaction at this point. It will be found 
that reinforcement is required liere in the top only of the footing. In this 
instance the critical section for diagonal tension b to be taken at the 
face-wall reinforcement, rather than at a distance equal to the depth of 
the footmg away from the face, as would be the case were the resultant 
pressure upward rather than downward. 

All sections <^ the concrete should be made so thick that shear rein- 
forcement is unnecessary. Care must be taken to see that all bars are 
extended far enough past the critical sections to develop them properly. 
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In the case of the hico-wall re inforcement, this is frequently a difficult 
matter; and it may roeinirc tin use of a deeper footing than would other- 
w\sc be necessary. Comparatively small bars should be used for this 
reinforcement, in order that the length of embedment required may be 
kept down; and they should either end in a hook or else bend toward the 
front of the footing with a radius equal t<o fifteen (15) times the diameter 
of the bar, and then extend along the bottom of the footing to serve as 
reinforcement for the toe. As the faoe-wall reinforcement will be spliced 
a short distance above the top of the footing, this detail does not involve * 
the use of unwieldy bars; and it is probably the best anrangement jkxh 
dble. Longitudinal rdnforoement sbonld be employed in both fao^-wall 
and footeg to serve as both distribution steel and temperature r^nforee* 
ment. About ont^half of one per cent should be used, unless the expan- 
sion joints are placcxl close toprthcr, in wliich ease a somewhat smaller 
amount will suffice. It should be thorouj^hly wired to the main reinforce- 
ment at all intf r*^<H'tions. At ('X])ansi()n ])oints there should be a dove- 
tailed joint in the faet^wall; and it may be ncccssiuy to thicken the said 
wall at these points on this account. The only weak point in the canti- 
lever t\'pc of wall is the section of the fac(^-w:ill at the top of the footing. 
Since this is necessarily a construction joint, its shearing strength is likely 
to be low. A rather low imit shear sliould be used in designing this sec- 
tion, as lias been previously stated; and in the construction care should 
be taken to see that the surface of the concrete of the f ootmg is well rough- 
ened and that it is thoroug^ity eleaned'and wetted before the plaemg of 
the concrete in the face-wall is begun. 

The oountorforted type of retaining wall Ls preferable to the canti^ 
lever form for hm^ts exceeding twenty (20) feet, and is at least as satis- 
factory for somewhat lower walls. As shown in Fig. 4'Se, it consists es- 
sentially of a thill fuce-wall rt -tiu^ on a foDtiiig-shib, anil tied back to 
the footing by vertical eovuiterforts at intervals. The front wall is usually 
plaee4l some distance !):iek from tlie front of the footing, a maximum of 
economy being obtained when the front projection is about one-third of 
the total width of the base. Occasionally l>uttresses from the face-wall 
to the footing-slab arc used in front at each counterfort; })ut this is unusual. 

The pressures on the foundations and the width of the base are to be 
determined as for the gravity or th(^ cantilever type of wall, using the for- 
muliB previously given in this chapter. After these have been figunKl, it 
is necessary to design the face-wall, the front toe, liie footing-slab back 
of the face-wall, and the counterforts. 

llie face-wall is to be designed as a horisontal beam, loaded with a 
uniform horisontal load, and supported by the counterforts. The load 
at any point can be figured by means of equations previously given.' 
The wall will be continuous x^ver the counterforts, except at an occtusional 
expansion joint, and even there it will he monolithic with the counterfort; 
so that the moment at each counterfort and at the centre of each span 
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should be taken as nvhere p is the unit pressure at any given elev»- 

vation, and I is the distaoice from centre to centre of oonnterforts. Tlie 
reinforcement can be amnged aa shown hi ¥1g. 43/. Ban ^'1^' and 

are used alternately, Bars "3" being in the same horizontal planes as 
Bars "1." For low walls, the face-walls can be of cunHtant thi( knos.s 
throughout, the 8j>aciiig of the reinforcing bars increasing graAlaall\ Iruin 
the bottom to the top; hut for liigh walls, it will l>e advisable to make 
the thickiieiNS at the bottom greater than that at the top. The minimum 
thickness of any wall should be twelve (12) inches. 

The design of the front toe, for the usual case in which no buttresses 
are employed, is iden t i c al with that of the cantilever ^pe. However, the 
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Fia.43i. BanfowMMnt of Fsc^wall of Countorforted Rwtoming WalL 



moment from this toe, instead of bdng reosted by the faee-wall as in 
that form, is taken up the base-slab back of the face-wall; so that 
in this case the rdnf orcement of the toe must be carried back into the 
rear portion of the said base-slab, none of it bemg bent up into the faoe^wB^ 

The dedgn of the base back of the face-wall is scmewfaat conqdicated. 
A paaid of this base is evidently a slab supported along three edges by 
the face-wall and the two counterforts, bdng continuous over the asid 
counterforts (except at expansion points, where it is continuous with a 
fairly stiff counterfort) and practically simply supporttnl at the f{w:e-wall. 
In some cases a girder is j)Ia( ( d along the Iniek, as indicated by the dotted 
hnes in Fig. 43e; :in<l this furnishes a siip])ort along the fourth side of 
the slab, which support, linw<'ver, is likely to be somewhat flexible as 
compared with the fae(?-wall and the counterforts. The external loads 
and moment on this sla!) an* as follows: 

First. A uniform downward pressure over the entire area, due to 
the weight of the slab and the earth above it. 

Second. An upward pressure from the foundation, usually var>ing 
from about aero at the back to a vc^lue approximate)^ equal to 
the unit pressure from above at the f aoe-walL 

ThiirtL A moment from the front toe. 
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These three loadings are indicated in the sketch at the top of Fig. 43g. 
The resultant of the first and second loads is a dowTiward load vary- 
ing uniformly from a maximimi at the back to aljout zero at the face- 
wall, as shown l)y the triangle in the centre sketch of Fig. 43^. If there 
is no rear gird(T, practically the entire amount is carried by the longi- 
tudinal r< iiiforcemcnt directly to the counter- 
forts, thus producing: stress(\s in the longitu- 
dinal reinforcement and reactions on the 
counterforts varying from a maximum at the 
back to about zero at the face-wall. If there 
is a rear girder, a considerable portion — usu- 
ally about Qoe-third — of this loading is car- 
ried by the transverse reinforc^ent to the 
rear i^rder and tiie face^rall, and the re- 
mainder is taken to the counterforts as be- 
fore. The loads on the longitudinal re- 
infoToement and the reactions on the 
counterforts in this case will then vary about 
as shown in the bottom sketdi of Fig. 43g. 
llu' moment from the front toe tends to 
bend the rear slal) do\vnward, ivs indicated 
by the heavy dotted line in the top part of 
Fig. 43^, and therefore puts downward loads 
on the longitudinal reinforcement, which 
loads will \)v roughly proiM)rti()nal to the dis- 
tances of the dotted line helow the full one. 
A careful study of the deformations of the 
slab indicates that the deflection below the 
straight line reduces to practically sero at a 

distance from the back of the face-wall equal „ , , „ oi u_# 

A u X • * *u f • * Fio. 43^. Loads on Base Slab of 

to about Bix-tenths (0.6) of the spacmg of Counterforted Retaining WaU. 
the counterforts. We may, therefore, assume 

the loads on the longitudinal reinforcement and the reactions on the 
counterforts from this cause to vaiy in accordance with the ordinates 
of a parabola, as shown in the two lower sketches in Fig. 43i/, the centre 
of gravity of the parabolic area being located at a distance from the back 
of the faoe-wall equal to three-tenths (0.3) of the counterfort spacing.- 
The maximum ordinate to this parabolic area will usually be found to be 
coasiderably greater than the maximum pressure due to the first and 
second loadings, and will, conse<|uently, dcterniine the thickness of the 
base-slab. Evidently, thrrcfore, the use of the rear girdiT will not ordi- 
narily permit any material reduction in thickness of the base-slab. 

The sketches in Fig. 4;V/ were drawn on the assum]it ions that the 
length of the front toe is about one-third of the total width of the base, 
and that the distance from the face-wall to the back of the base is about 
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equal to the counterfort spadiig. For other proportions the load di»- 
gramB will change more or less, but the method of analysna still applks; 
and the centre of gravity of the parabolic area will continue to be about 

three-tenths (0.3) of the counterfort spacing hack of the face-wall. With 
a small toe projection the intensity of the paiabolic loading will decrease, 
and will no longer determine the required thickness (jf the base-tjlnb. In 
that case tli(^ use of the rear girder will Ix* economical. 

The designing of the longiiudiuiil reinforeeiuuut of the hjise-slah h 
simple, after the loads are known. .\s in llic ease of tlie face-wall, the 
moment at each counterfort and in the centre of each span is to be con- 



FiQ, 42h, Loads on Counterfort of Counterforted Retaining WalL 
p I* 

sidcred as equal to -j^-. Bent-up bar» ijhouiii rarely be employed, it being 

preferable to use full length ones m the bottom and short ones in the 
top at each counterfort. The section should be made so thick that shear 
reinforcement will not be needed. 

The counterfort is essentially a triangular beam, loadc^ along the front 
e<lge with the horizontal earth loads from the face-wall, and iilun'^ li.'- 
bottom with the reactions from the base-slab. For walk of ordintuy 
proportions in which the rear girder is nut used, these loads will b(> a!K)ut 
as indicated in the left-hand diagram in Fig. 43/r. To balance the hori- 
ZMiital ( arth load, there will be a horizontal nheur of (Kiual amount between 
tlie counterfort and the base-slab; and there must also be a shear between 
the face-wall and the counterfort to balance the load from the slab be- 
neath. If a rear girder is employed, the loads will take the fonn indi- 
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cated in the right-hand sketeh in Fig. The total vertical load on the 
counterfort will be somewhat lesB than in the first case> since a portion 

of this load is taken directly to the front wall. If in any case the front 
toe projection is nuule less thiui one-third of the width of the base, the 
parabolic iirea will \w reduced, -d^ hix^i been previously stated. 

The \isnal metiiCMl of reinforcing a counterfort is to place a Huiiicient 
amount oi steel alon^ iiiv l)ack ed^e to carry the moment producetl on any 
horizontal section by the horizontal forces from the face-wall above the 
section. The stress in these bars js found by dividing the moment by the 
distance from the centre of the face- wall to the steel, measured normal to 
the said steel. Enough horisontal steel, well bonded to the face-wall, is 
then added to take care of the borisontal loads from the said face-waU; 
and it is carried back and looped around tiie main reinforcing rods. A 
sufficient amount of vertical steel is also used to take care of the load 
from the base-slab. This reinforcement should be well bonded to the 
latter; and it must be carried up until the stresses can be traiMlerTed to 
the main rods in the back through shear in the concrete. 

This style of reinforcement is the lx»st possible for a witli with a short 
toe projection and a ^;ir(ler along the back uf the slal), as shown in V\g. 43i; 
for in this ciiise the larger part of the footing load ih delivered directly to 
the main bars by the rear girder, and the vertical bars have little stress 




Fio. 43i. Fiu. 43i. Fuj. 43*:. Fk; 

Anangements of Retnforoemeiit for Counfcerforta of Counterforted Relrfuning Wall. 



to carry. It also srrxcs well fur a wall willi a short to(> jHojt i in)ii junl 
no rear girder, as ni i'ig. 4."^/; but in this rase t!ie main bars hhoiild l>e 
spread at the back, as the heavy loads from the slab will occur over a 
considerable width. For a wall with a long front toe, this form of n'in- 
forccment is not so well adapted, as tlie greatar portion of the load from 
the footing-slab is no lonp:er delivered to the counterfort near the back, 
and there is really no need for very heavy reinforcement at thb point. 
It can still be used, however, with a small loss in economy. The vertical 
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reinforcement will have to be quite heavy, especially near the front ; and 
the bars will have to extend up for a eoiL'^icl(Ta])le distance lx'f<jre their 
stresses can be delivered to the main reinforcement without ovcrstrestiiiig 
the concrete in shear. It in better adapted to the wall with a rear ginkr 
thaatoone without such a girder. In either form it will be unneceaBaiy 
to aSBUme that the main bars resist the entire bending moment near the 
bottom of the oounterf ort, as the vertical steel will take care of a laigs 
proportioE <tf it. 

A type of reinforoenieiit that is somewhat better adapted to take up 
the loads shown in Fig. 4Sh is indicated in Figs. 43ib and 432. It win be 
found that the bars, when placed parallel to tiie back of the counterfort, 
will be at about the proper inclination to take care of both the tmsfle 

and the shearing stresses on its front and bottom edges. A small amount 
of liorizontal reinforcement should be usecl as indicated, to take care of 
the possibility that at some ix)int the shearing stress may happen to 
be low, under which condition the inclined l)ars would l>e iU-adajitt d for 
carrying the horizontal loads; and in the upper ])()rtioii it will !>< Ix st to 
design the steel along the back on the assumi)ti(iii that true beam-action 
exists, as this is (juite certain to occur. The amount of extra steel required 
for these two reasons will be smaiL 

At expaasion joints a double counterfort must Ihj employed, as shown 
. In Fig. 43/. These two counterforts ne(»d not be as thick as those used 
at intermediate points, and they should be k^yed together as indicated. 

Counterforts should be ^aoed a distance apart^ measuring from centre 
to centre, equal to 0.66 V but in no case less than serai feet, and the 
thickness of the intennediate counterforts should, preferably, be made 
about one-twentieth of the height of the wall. 

Fig. 56p shows the quangos for reinforced walls. The curves of 
quantities of concrete and metal and those of toe pressures are based 
on economical sections, as just d(\scribed. When the supjwrting power 
of the foundation is less than that given by the toe pressure curve, the 
auxiliary curve showing the relation between the ratios of toe pressures 
and of quantities can be used to determine whether it is more economical 
to reduce the toe pressure by extending the base or to employ j?iUs, the 
spacing thereof being about three feet centres. In this comiection the 
increased amount of excavation for the wider base must be taken into 
consideration. 

Fig. 508 gives similar information for plain concrete retaining walla 
When piles are employed for retaining walls or abutments, they are 
not necessarily arranged unif onnly over the whole base as is done for 
piers; but they should be placed where they will resist the loads most 
advantageously. . In the case of retaining walls this means that the mar 
jority of the piles will be located near the front toe, although additioiuil 
piles may be needed near the centre and sometunes at the rear of the ^ 
base. In abutments the arrangement may vary from that just menti<Mied | 
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to a uniforiii distribution over the whole base, depending on the location 
of the centre of pressure. For reinforccMl-ooncrete retaining wiills and 
abutments the base-slab proper should ho built on top of a plain con- 
crete base from twelve to fifteen inches thick encasing a corresponding 
length of the piles. The loads on the piles can l)e (h^tcnuiiK'd by means 
of Equation 2G given on page 300 and develoi^ed for rivet groups with 
bending and direct streesee. The moment and load used in this equation 
must be taken equal to the total overturning moment and total load 
divided by the number of ro\vs of piles parallel to the aixis of rotation. 

For small openings in embankments culverts are used. These may be 
of Iron pipe or reinforced-oonorete {npe for waterways only a few square 
feet in area; but for larger ones a box or an arch culvert is employed. 
For determining the necessary area of opening to pass the flood water 
see Chapter XLIX. Pipe culverts should be laid on a slope to increase 
thdr discharge c:i]^acity. The head of the pipe should be well above the 
bed of the stream while the foot should be flush with it or a trifle l>elow 
in order to avoid a sudden drop and scour. A concrete portal is an a^l- 
vantage, as it prevents the water from working around the outside of the 
pipe and washing out cavities that would endanger the embankment al)ove. 
Box or arch culverts should be j^rovideil with wing walls; and in case the 
bed of the stream is subject to scour, a concrete pavement should be put 
in so as to prevent undermining of the head walls. Spandrel walls should 
be thoroughly anchored to the arch barrel or roof of the culvert; and 
they should have sufficient stability to resi^^t the thrust from the sur- 
charge earth fill vAth its superimpased live load In some cases this 
thrust may be sufficient to require longitudinal reinforcing m. order to 
resist the tension set up in the arch barrel. Standard railroad culvert 
plans, with an ehiborate set of tables showing dimensions and quantities, 
are to be found in VoL 10, Part II, of the Proeeedtnga ci the American 
HaUway Engineering Association. 

In the mixing and placing of concrete for structures of various kinds, 
the following practical points sliould be observed in order to secure the 
best results: 

Wet concrete is preferable to dry, and where unskilled labor is employed 

it is safer. 

Tramping or treading; is bettor than tamping. 

A mixture of broken stone and gravel is preferable to stone alone. 

A mixture of coarse and fine sand is preferable to either alone. 

Mud in any form is injurious. 

Smooth stone is inferior to rough. 

Stone dust is not detrimental, but, on the contrary, is pref mble to 
sand. 

Sometunes clay in fine particles up to ten per oeai of the' total aggre- 
gate is not injurious; but the author, as a matter ol precaution, prefen 
to keep it out altogether. 
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Diy mixturea of broken sUme concrete cannot be compacted pntpedy, 
owing to the arching effect they develop. The^best result Is obtained by 
depositing the concrete In biyers sue to ten Inches In thickness. 

IMonged mixing increases materially the strength of concrete^ 

The best mixture for reinforced ooncrete in arches and small work is 
one part of Portland cement, two parts of sand, and four parts of broken 
stone. For concrete in large masses these proportions sliould be changed to 
one, throe, juid five. 

Rctt;mi)ering of mortar is generally injurious, although some experi- 
ments seem to indirjitc the contrary. It is Ix'ttcr not Xo permit it. 

For <M)iiiicct ing luycrs of concrete there should be used a wash composed 
of one ]^art of cement to one part of sand. 

In th(^ facing of concrete piers, mortar mixed in the proportiQii of cue 
part of cement to two parts of sand should be employed. 

Plastering rough faces is veiy unsatisfactory, as the mortar will not 
adhere properly to the concfete. It has been done sucoessfnlly at timesy 
but usually it Is a failure. When attempting this, the places to be patched 
should be thorou^ily wet, completdy saturating the concrete if possible. 

In regard to fieenng, H has been shown that Portland cement mor- 
tars, as a rule, suffer no surface disintegration therefrom, but the strength 
» generally injured somewhat — sometimes as much as twenty-five per 
cent, or even more. It does not injure concrete, however, niorv than 
five, or at the very most, ten |xt cent. Freezing aftt^r setting does vcr\ 
little harm, but freezing hi lore setting injures the concrete to a certain 
extent. Alternate fn'czingand thawing of uiLset concrete are far worse than 
freezing and reniaiuing frozen until the finiil thaw-out. Portlan«l cement 
concrete, if frozen before the hard set is acquired, will disintegrate when 
eqxieed to water and ice. It is better to use a comparatively quick setting 
.oement, if the concrete is Uable to be frozen. 

Salt added to the water lessens the bad effect ai freeslng. Some ex- 
periments have shown that the addition of salt imfrnvres the strength— 
others that it uajures the mortar sllgiit^. Tlie percentage of salt, mea- 
sured by weight, to be added to the water varies from five to ten. 

The use of hot water in mixing mcHrtar and concrete does not tend to 
Improve the quality, especially if the cement is fresh; nevertiielesB^ in 
very cold weather, it is often a wise precaution to employ it, notwith- 
standing the fact that the strength is sometimes materially diminishe<l. 

Sea water is not good for mrnng concrete, hence it is safer not to 
employ it. 

For the results of -(itiir important tests on the effect of adopting im- 
pure .sand iu cement uiurtar. ^ e Kn(i>nseiHn^ Nncp, Vol. LIII. ])ai;<' 127. 

The wiusliing of siiud is generally undesirable, as the finer portions are 
removed and voids are left. 

The best sand is that composcnl of grains of assorted sizes such that 
the percentage of voids is reduced to a minimwrn. Gb^, if tbonmghfy 
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distributed througihout the sand, is beneficial up to twelve per cent 
fldtilteratiou; but clay in lumps is always injurious. 

An exoesnve tamping of the concrete above a joint will add greatly 
to the value of the bond. 

Concrete placed in sea water should not be porous, but should be a 
dense, rich mixture, in order to prevent infiltration. Good proportions 
for such concrete are one, two, and threes 

BFECIFIGATfONS FOR PIERS 
Design 
Loads 

All piers shall Ix' (Usigned so jis to be stable against overturning, slid- 
ing, or cruiiiiiiig under the foUowing system of forces: 

V0rtieal Loads, . 

1. Dead and live loads on shoes. 

2. Weight of pier reduced for buoyancy. 

Vertical ReacHons. 

1. Allowable bearing on foundation (see Chapter XXXVIII). 

2. Skin friction of soil taken at 600 pounds per square foot. 

HorizotUal LoojIs {Parallel to bridge tufiyviU). 

1. Thrust from wind load on einj^ty bridge. 

2. Thrust from heaviest braked train. 

. 3. Thrust from wind load with lightest live load on spans. 

4. Combined thrust from lightest possible braked train and a 
wind pressure on train and structure equal to one-half of that 
specified. 

5. Wind pressure on shaft of pier above water line. 

Horizontal Loads {Perpendimlar to bridge tangent), 

1. Thrust from wind on empty bridge. 

2. Thrust from wind with light<'st live load on spans. 

3. Thrust from wind on end of pier. 

4. Pressure of water against cud of pier. 

5. Pressure of ice against end of pier. 
Horizontid ReacUons. 

1. Resistance of pier to sliding on base. 

2. Passive thrust or resistance of material penetrated. 

To determine the pressure of water against the end of a (»er the fol- 
lowing formuliB may be used: 
For square piers, 

P - 1.24 A y»; [Eq. 20] 

For circular piers, 

P = 0.G2 A V-; [Eq. 21] 
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For piers five or six times as long as farofid, with eutwaten the faces 
of whioh make an aiigie of 90% 

P » 0.46 A [Eq. 22] 

For piers three times as long as broaUi with flat ends, 

where P = total pressure m pounds on end of pier, 

A " area in square feet of vertical projection of pier«nd eiposed 
to the cuiraity 

and V « velocity of current in feet per second. 

To detennine the pressure of ice on the end of the pier, assume that 
the crushing strength of the moving ice is to be overcome. This strengMi 
varies from 400 to 800 pounds per square inch. 

The passive thrust or resistance to horizontfil displacement of the 
material in which the pier 16 embedded uiiiy be upproximated by ilaiikiiie's 
formula, 

_ A* 1 + sin <^ _ ^, 

^ 1 — sui 9 

where P« « total resistance, 

w "* weight of a cubic foot of material, 
h » depth of embedment of pier, 
and ^ angle of repooQ of material, due aUowanoe being made for 

its saturated condition. 
This fonnula gives better approximations for granular material, such as 
sand or gravel, than for other substances. 

In case the pier is founded on piles, the heads of which ])r(>ject into the 
concrete base, the shearing nvsistance of the piles should be considered 
lus {)j)p()sing any horizontal motion of the pier, in addition to the resistance 
of the embedding material. 

Unit jSlrssMs 

The allowable intensities of working stresses (no impact allowanoe 

being included) for the hij^her-grade timbers, hvivh ;is Long-leaf Yellow 
Pine, Douglas Fir, Pacific Coast Cedar, Western Hemlock, and W hile 
Oak, shall be as follows: 

Tension 1,200 lbs. per square indi 

Bending on extreme fibre 1,200 " " " " 

Shear with the grain 170 " " " 

Longitudinal shear in beams 110 "J" " " 

Shear across t ho grain 1,000 "|" ** " 

Compression with the grain 1,200 "4^" ** " 

Compression across grain 

For oak 450 "4 « " 
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For other timbers 250 lbs. per square inch 

Compression on oolimms 

Under 15 diameters 900 " " " « 

I 

Over 15 diameters 1,200 - 20^ " " " 

where I = length in inches, 
and d = least dimension in incnes. 
For the lower-grade woods, sucti as the Soft PineSi Spruce, Tamarack, 
and Redwood, the following stresses shall be used: 

Tension 900 lbs. per square men 

Bending on extreme fibre 900 " " " " 

Shear with the grain 100 " " " " 

Longitudinal shear in beams 70 " " ** ** 

Shear across the grain 700 " ** " ** 

Compression with the grain 900 ** " " ** 

Compressi(jn across the grain. 150 " " ** 

Compression on columns 

Under 15 diameters 680 " " " " 

Over 15 diameters 900- 15 j " " ** 

a 

where / and d have the same values as before. 

In applying the above unit stresses, the actual not the nominal, dimen- 
sions of the timber are to be used. 

The jK rniissihlc intensities for the various grades of steel shall be 
as given in the six'cifications in Chapter LXXVllI. 

The permissible load on a pile shall be taken at from twenty (20) to 
thirty (30) tons, altliough in extreme cases where the piles are very long, 
say from eighty (80) to one hundred (100) feet, and driven into firm ma- 
terialf this load may be increased to forty (40) tons. Where the piles 
are in a ver>^ soft foundation, the load per pile may have to be reduced 
to fifteen (15) tons or even to ten (10) tons. In any case the judgment 
of an dq>ericnced engineer should decide a matter of so much importance 
as that of pile-loadings. 

When wind loads are combined with direct loads, the above loads per 
pile shall be properly mcreased, the excess allowance depending on the 
relative sixe, importance, and probability of the two loadings, the ordi- 
naiy excess for a oombmation of wind loads with direct loads being thir^ 
(30) per cent of the allowance for direct loads alone. 

Dbtailb of Design and Pbopobtionino of Parts 
Concrete and Masonry Piers 

Gcrjeral 

The construction of the crib and caisson of a pier depends upon the 
method of sinking adopted. Typical details are fully illustrated in Chap- 
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ter XL on the ''Open-Dredging PhMseas" and in Chapter XLI on the 
''Pneumatic Process." 

Timber and Sheathing. 

The timlierB m caissonB should not be less than 12'' X 12", except 
where the construction demands otherwise; and this section is to be 
preferred to laiiger sizes. 

For cribs and for the wells ci deep open-dredging piers down to a 

depth of 40 feet below the ordinary water level, 10" X 12" timbers on 
edge are to be used; while below this elevation they should be increased 
to 12" X 12". 

All caisson iiiul crib timbers should be made of full l(*ngth, if possible; 
l)ut when this canm^t be done, they must be of the maximum lcng;ths 
obtaimible, and their splices must be so arrangeil in the dilTcrcnt coursers 
that not more than fifty (50) jx r cent of the timbers are cut in one ver- 
tical plane. The si)lice should, preferably, be made at a bracing point. 

The walls and roof of the w'orking chamber of any pneumatic caisson 
should always be covered with 3" sheathing, while 2" stuff will suffice 
for lining the wells of open-dredging piers. The outside sheathing for 
both jmeumatic and open-dredging piers should be of 2" material for 
depths less than thirty (dO) feet and of 3" for depths greater than this, 
the boards being placed vertically. They should be full length, or else 
should break joints at least four (4) feet, not over one-half of the dieath- 
ing being cut at the same elevation. 

Ail timber and sheathing shall be surfaced <m four sides; and it shall 
be dressed for caulking, where required. 

All timber shall be framed in a substantial manner, so as to give the 
gri'atest strength j>ossible. Details of such framing are shown iu the 
illustrations given in Chapt<;rs XL and XLI. 

Size of Caisson mid Crib 

On account of tlie difficulty in sinking a pier to exact position^ the 
base should project all around from two (2) to three (3) feet b^ond the 
sides of the shaft. For concrete piers there should be a clear spaoe of 
at least eighteen (18) inches between the shaft and the cofferdam for 
placing the fonns. 

RooJ oj Working Chamber 

The thickness of the roof of the working chamber for pneumatic 
caissons shall conform to Table 43a. 

For a width of pier exceeding 25 feet, it is preferable to use a centre 

longitudinal cutting edge to give support to the roof; and for widths over 

30 feet, it is absolutely neccssiir>' to do so. For widths in excess of 25 
feet, the? strength of the roof .-should \h* tested; but it is better not to 
employ more than five courses of timber, in order to avoid an excesi&ive 
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settlemeDt of the pier due to the compressioii of the wood in the roof. 
A material increase in strength and effectiveness will be gained by deposit- 
ing a five-foot layer of concrete on top of the timber roof and letting this 
set for at least five days before starting to shik the caisson. 



TABLE 43a 

THicKNEsa OF Roof of Working Chambeu foh Pneumatic Calssons 



Width of Base 


Height of Baa* 
Cutting Edfe to Shaft 


< oun«>H of 12" X 12" Timbm 
in Roof of Wor Icing Chamber 


15' or under 




1 


tninsvcrH*', 


1 


iungitudinai. 




Over 40' 


2 




1 






Under 30' 


1 


<i 


1 


« 


«c 


30' to tiO' 


2 


(1 


1 




« 


Over 60' 


3 


If 


2 


« 


20' to 25' 


Under 20' 


1 


41 


1 




«« 


20' to 40' 


2 


U 


1 


II 




Over 40' 


3 


U 


2 


tt 


25' to SC 


UndfT M)' 


2 


l< 


1 


(1 




Over 30' 


3 


u 


2 


«< 



Bracing Jar Cribs and Caissoms 

In the caissons for open-dredging piers no special bracing is required; 
however, ui those for pneumatic piers it is neoessaiy to support the side 
walb at intervals of not more than fifteen (15) feet. Thb bracing shall 
condst of struts near the top and bottom of the working chamber framed 
into vertical I2f' X 12'' timbers bearing against the horisontal 12" X 12" 
wall timbers, as shown in Fig. 416.. A one and a half (U^) inch rod shall 
\)v j)laced on each side of the bottom strut, and shall cxtcml through the 
walls of the cjiissoii. The bottom struts ami the tie rods shall he placed 
a sufficient height above the cuttiug edge to permit excavating under- 
neath them. 

Bracing for cribs of open-dredging piers shall be provided by extend- 
ing every third horizontal well-timber both longitudinallj^ and trans- 
vers(dy to the outer walls and connect inp; it thrn-to by a half and half 
dap and a drift bolt. In pneumatic piers tlic walls of the cribs sliall 
be braced at points not more tlian fifteen (15) feet apart in both direc- 
tions, such bracing to consist o£ 12" X 12" timbers in ever>- third or 
fourth wall-course. The bracing in the two directions shall be placed 
in adjacent courses so that the timbers can }ye bolted together where they 
croes each other. They shall be framed into the side-walls with a half 
and half dap and shall be drift-bolted to them. When the cribs are 
pumped out to any considerable depth, vertical walmg tunbers, 12" X 12", 
must be used between the ends of the bracing struts and the wall timbers. 
The timbers should be tested both in bending and bearing for the maxi- 
mum head of water that is likely to come on them, so as to prevent over- 
stress. At 1,200 pounds per square mch in bending, 12" X 12" timbers 
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cam resist a head of 16 feet of water on a IMoot span. The bearing of the 
bracing struts on the vertical waling pieces generally needs the most carelul 
attention. The bracing for cribs of pile piers should be similar to tbat 
for cribs requiring to be pumi)ed out, and care must be taken to see that 
the piles are so arranged as not to interfere with the said bracing. 

CtdUng Edges 

Where it is certain that logs or large boulders will not be encountered 
in sinking a pier, timber cutting edges of hard wood will suffice; hut 
where there is the least doubt, steel cutting edges should be used. The 
latter should be formed of 6'' X 6" or 8'' X 8'' angles of the heaviest 
sections and or yS' side-plates extending up the vertical sides of the 
chamber and thoroughly bolted thereto. 

BdlUUi SpikeSf etc. 

Timbers shall l)e fastened together cvory throo (3) feet with J/g" round 
drift-boltSi two (2) inches shorter than the total thickness of the timbers 
fastened together, and driven into Ji" round boles. 

For the inner sheathing of pneumatic caissons, X ^s' X 8" Ixjat 
spikes shall be used, two (2) per square foot of sheatliing. For 2" 
sheathing on wells of open-dredging piers and on the outside of all piers, 
H" X H" X 6'' spikes are required; and for 3" sheathmg, X H" X 8'' 
spikes. 

All adjustable bolts shall be J4" round, and shall have 3" diameter 
washers wherever they bear on timber. 

Ctndking 

For pneumatic caissons all crnclvs inside of the working chamber are 
to be caulked with two (2) threads of oakum thoroughly driven to place. 
The heads of all spikes are to be wrapped with oakum before driving, and 
bolts are to be similarly wrapped under the washers. 

For cribs all cracks between the horizontal timbers and also all cracks 
in the vertical sheathing are to be caulked with a single thread of oakum. 
It is not necessary in all cases for the caulking to begin at the cutting 
edge, but it should start at least ten feet below the probable surface d 
concrete inside when the crib is pumped out, and prefmbly below the 
ground surface. 

Pilca in Base 

Piles shall be spaced not less than three (3) feet from centre to oentre 
m both directions. 

The elevation of cut-off of wooden piles shall always be below low 
water. For heists of base less than ten (10) feet, the cut-off should 
be midway between top and bottom of base, but not less than two (2) 
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feet below top of base. For depths of base greater than twelve (12) feet, 
the piles may come to within four (4) feet of top of base. As pile cut-offs 
are paid for fay the lineal foot, there is always a small saving in making 
the elevation of cutpoff as high as posnble. In detailing it is advisable 
always to show the tip of a pile cut off square and not pointed, as that 
IS the way it will be driven. 

EkiHition of Top of Base 

For channel piers the top of base should be about two (2) feet below 
extreme low water, and for piers on land at such a distance below ground 
surface as to ensure that the said base will never be estpoeod to view. 
In order to give a greater clear width of channel between piers, the top 
of base will sometimes have to 1^ placed at a much lower elevation than 
that just mentioned. 

Cojfmlama 

Cofferdams for building the pier shafts in the dry shall be of similar 
con*^t ruction to the cribs. The bracing must be so arranged that it can 
\yc readily removed as the concn^te is poured. The cofferdam shall be 
attached to the crib in such a manner that it can Ix^ easily tletaehed after 
the pier is completed, at the same time giving a water-tight joint. Scabs 
can be used for this purpose, provided they can be pried off without 
trouble because of the depth of water; otherwise, removable rods attached 
to the crib below and to the cofferdam above must be employed. 

Pter ShaftB 

Preference shall be given to the oblong shaft with rounded ends, 
exeopt where an ice-bn\ak is ncrded. Where it is necessary to economize, 
the siwne form of pier should be atiopted, but a well should Ix* left in the 
centre, thus formuig in reality two sluifts coimected by side walls. Where 
still gn'ater economy is df^miuiried, two circular shafts connected by a 
central web must be resorted to. The cheapest construction of all con- 
sists of two separate shafts, either round or square, not connected in 
xny manner; and it should be employed only in extreme cases. 

Where double shafts either with or without webs are adopted, th^ 
shall be spaced such a distance apart as to give the smallest ase under 
coping. For adjacent spans having the same distance from centre to 
centre of trusses, the centre of the pier shaft should lie in the central 
{^ane of truss. 

BaUera 

The shafts of piers shall have a batter of one-half m) inch to the 

foot on all sides, except as specified under "Ice Protection" or when the 
stalHlity of the pier or its appearance requires it to be greater. 



Digitized by Google 



1052 BRmOB BNGINEBBINO CBAPnn XLUI 



WAs of DaubU-Sfurft Piers an SinifU Baaea 

The single web connecting the shafts of ii (himlvhrll pier shall have 
a thickness of not less than two (2) feet at the top under coping; and at 
the bottom this thickness shall he not less than one-third (3.3) of the 
diameter of the shaft at that elevation. The sides of the web shall liavo 
a batter equal to that of the shafts, begimiing at such a point below the 
top lus to give the projMT thickness at the lx)ttom. 

The wet) shall ])e reinforced from the top of the pier to a p>oint at 
least five (5) feet below high water and at least ten (10) feet below the 
bottom of the ooping. The vertical reinforcement shall consist of 
round bars, spaced eightetm (18) inches from centre to centre in both 
faces; and ^4' round bars of a length equal to the distance from centre 
to centre of shafts shall be placed horisontaUy in both faces twelve (12) 
inches apart on centres. 

Wails of DaiMe^hafl Piers an Single Bases 

The walls of double-shaft piers shall not be lef« than eighteen (18) 
inches thick for th<'ir full height. These* walls shall be reinforced verti- 
cally in both faces with round bars spaced eighteen (18) inches on 
centres and projected into both the coping and the base. Horisontal 
bars in diamet^'r shall also be placed twelve (12) inches on centres in 
both faces of each wall and eactended to the centre of each shaft. 

Coping 

The coping shall be not less than two (2) feet thick, and shall projwt 
six (0) inches or more Ix'yond the shaft at the top. When there is a centre 
well in the shaft, the coping is to cover the oj^M-ning; and it shall be re- 
inforced in lx)th directioiLs with ^ x" round bars twelve (12) inches on 
centn's placinl two (2) inch(>s from bottom of coping. If the slab carries 
any sujx'rimposed load, it must W figured and properly reinforced for 
such loiui. For double shafts with central web, the coping shall have & 
constant width between shaft centres, and shall be reinforced as above, 
the reinforcement IxMng placed two (2) inches below the top of the coping. 
The reinforcement shall be so arranged that it will not interfere with the 
anchor bolts. 

The top of the coping for ordinary piers is to be finished low, 
in order to allpw for grouting under the shoes when no grillages are used; 
but when the latter are needed, they shall be set to correct elevation, 
and the top of the pier shall be finished flush with them. In both cases 
the 2-foot thickness of ooping shall be measured from the under nde 
of coping to the underside of shoe. 

The top of the coping for pivot piers is to be leveled off with neat 
Portland cement mortar, and the lower track set in same. It shall be 
made one and one-half (13'2) or two (2; inches higher ui the centre than 



Digitized by Google 



PIBRS, PEDESTALS, ABUTMENTS, RETAINIKQ WALLS, BTC. 1063 

at the edge, bo that the water will drain toward the latter. A small gutter 
or deprossioii in the top ol the pier is to be made jtut inside of the lower 
track; and at the bottom of thi^ depreasion drain'holes are to be put in, 
leading the water from Ihe gutter down on the outside of the pier. These 
drain holes are to be at least two (2) niches in diameter; and their tops 
are to be protected with screens, so as to prevent choking. They shall 
be spactni not to exceed ten (10) feet between centres. 

Grillages and Anchor Bolts 

Grillages shall be used whenever the pressure on the masonry would 
become excessive, unless the shoe were spread unduly. They shall consist 
of rolled or built-up beams, generally placed parallel to the length of the 
pier and arranged so as to give a clear space of at least four (4) mches 
between the adjacent flanges and so as to pennit the placing of the anchor 
bolts. For grillages of moderate length the beams ^taXX be connected at 
their ends by diaphragms, each consisting of a short piece of rolled channel 
and two angles turned out; for greater lengths, intennediate diaphragms 
shall be added to tie the beams together during fabricatkm. The top dl 
the grillage shall l)e planed to receive the shoe. 

The grillage shall be iussumed to distribute the load from the shoe 
over an area ecpial to the nuniluT of beams multi})lied by the distance 
from centre to centre niultii)lied l)V tiic length. It shall be proportioned 
for the moment occurring; at the edge of the shoe due to the reaction of 
the pier on the cantilevered extension. 

Anchor bolt8 shall Ix^ proixjrtioned for the forces acting on them. 
They shall be fox-bolts when no calculable stress comes upon them, 
and regular anchor bolts with upset ends when figured for actual uplift. 
Fox-bolts shall bt» from %" to 1»^" in diameter and from 12" to 24" 
long, the smaller sises being adopted for plate girder and I-beam spans, 
and the larger ones for truss q>ans. Anchor bolts proper must be made 
of sufficient section and have ample embedment to redst, with a good 
margin of safety, any stresses that may come upon them. They shall, 
preferably, be set into the masoniy at the time the concrete is poured, or 
if necessary, be grouted into drilled holes when the superstructure is being 
erected. In the former case gas-pipe sleeves two (2) feet long and of a 
diameter equal to the diameter of the bolt plus two (2) inches shall be 
placed in the top of the pi(T around the bolt so as to permit of adjust^ 
meut when the shoes are set. 

Ice Protection 

Masonry piers or concrete piers faccni with hard, durable stone do 
not require an> additional protection fnmi ice abrasion. ( "oncrcte piers, 
however, in streani.s subjei t to heavy ice and swift current, shall b(» pn>- 
t<^cted by ste<*l plaU's partially or wholly enc:using the pier shaft and 
extending from the top of the base to a suiiicient height to aHord ample 
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protection to the concrete. For shafts of moderate height the plates 
shall extend up to the underside of t)u> coping. Where it is necessary to 
break up the ice, the up-strcara end o( the shaft shall be extended to 
form an inclined edge between the top of the base and some point above 
the highest possible ice leveL 

The metal for the ice protectioii shall be %" thick. Hcnwrntal 
splices of 6" X ZH" X angles with the Z^i" outetanding leg on 
the lower ande shall be spaced about five (5) feet apart on the inside and 
riveted to the main plates with one line of rivets on each side of the joint. 

Where both ends of the pier are rounded, the plates shall be spliced 
with 12" X 3 b" vertical splice-plates placed on the inside at the point 
where the straight sides meet the rounded ends. Two Unes of rivets 
shall be used on each side of the joint. When necessary, intermediate 
vertical splices of the same design shall be employed. T\\v upstream 
edges of the plates covering an ice-break shall be spliced with an 8" X 
8" X H" angle on the outside and an 8" X 8" X l^." angle on the inside, 
with two lines of rivets through each leg. If the bend in the angles is 
excessive, a 14" X plate on the outside and a 13" X plate on 
the inside can be substituted for them. Where the faces of the nose meet 
the sides of the shaft, a 12" X plate is to be placed on the outside 
and a 12" X plate on the inside to form the splice. The rivets shall 
be %" diameter spaced three (3) inches centres. The steel plates shall 
be anchortnl to the concrete with button-head bolts J^" in diameter, 
threaded full length and having two nuts per bolt. They shall be spaced 
ei^teen (18) inches centres in both directions. 

Concrete Froportiom 

Concrete depomted b^ieath the water, as well as that placed in the 
coping, shall be mixed in the proportion of one (1) part of cement to 
two (2) parts of sand and three (3) parts of broken stone that will pass 
through a ^-inch iron ring. Concrete in the working chamber of pneu- 
matic caissons shall be mixed in the proportion of 1 : 2 : 4 with broken 
stone that will pass throtigh a 1-inch iron ring. All other concrete shall 
be mixed in the proportiou of 1:3:5 with broken stone that will pass 
through a 2\4-inch iron ring. All concrete depasited l>eneath the water 
shall be placed with a bottom>dump bucket or through a water-tight 
tremie. 

High WAY Cyli.xdeh Piers 

The minimum thickness of metal and the number of piles per cylinder 
for highway cylinder piers shall be as given in Tul)le 436. The piles should 
project up into the <^linders at least ten (10) feet. 

Splices and BiveU 

All slices are to be butt-i^lioes with the splice-phites on the inside 
of the <^lmder. Splice-plates shall be sa (6) inches wide and of the 
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same thicknesB as the (^linder metal. The horisontal splices shall be 
ipaoed about five (5) feet apart Not more than two (2) vertical slices 
shall be put in any one ring. When tiiere is only one vertical eplioe, 
the slices in adjacent rings shaO be placed 180 degrees apart; and when 
there are two vertical splices, those in the same ring are to be spaced 
180 degrees apart, and those in the adjacent rings 90 drgr(M\s apart. The 
rivets shall Ix? ^4 inch diameter for metal ^ g inch thick and under, and 
inch diameter for metal over % inch thick. Rivets shall be spaced three (3) 
inches centres. 

TABLE 43b 

Highway Ctumdse FntBs wrh Pilbs 
(Thidmai of Metal and Number of Filee) 



Dtamtarof GyttBte 


Ifinimum ThielcBMi 
of Metal 


POm par Cyttndv 


IndMS 


Indies 


• 


18 


A 


1 


21 


A 


1 


30 




1 


36 




3 


42 




8 


48 


H 


4 


54 




6 


60 




6 


66 




7 


72 


H 


f 8 preferred 
\ 9 poaaible 


78 




11 


84 




13 



Bracing between Cylinders 

The bracing between <^lmderB shall be either a solid web or cros^ 
struts with uiterseeting diagonal rods. The bracing shall extend from 

about two (2) feet above low water to the top of the pier. The diagonal 

rods in the oiK?n bracing shall lx» inclined at an angle of alx)ut forty-five 
(45) degrees, which inclinatiun will determine the number of panels to 
be used. The rods shall be upset and provided with tumbuckl(\s. The 
details of the two systems of Ijracing just described are illustrate in 
Figs. 43a and 43fe; while Table 43c indicates the sizes of struts and 
diagonals to be adopted for various spans. 

Highway Cylinder Piers withoiU Piles 

The specifications for cylinder piers with piles, except those for the 
piles themselve^s, are applicable to cylinder piers without piles. The 
latter tj^x; of pier cau be sunk either by the pneumatic proce?>ii or by 
open-dredging. 
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TABLE 43c 
Opkn Bhacixo for Cylinder Piers 



Len^h 


Size of 
DUE. 
Bodb 


Size 
of 


Struts for Ciaar Djbtancb Bbtwimi Cyundbrs a» 8mmu 


Spaa 










20' 
40' 
60' 
80' 
100' 
125' 


7 rf/ 

IH" 

1 y^' 
I't" 

ik;; 

2 " 


1 w 

2 " 
2H" 

2H" 

3 " 

3)^r 


2r'4"x 6'<^* 
2C*4"x fil l * 
2L'.V'x9 * 
2rj5"x 9 * 
2Cj6"x10K* 
2D6"x10K; 
2C'7"xl2)4* 


2 4"x 6M ; 

2[i4"x 6'/^* 
2[:*;V'x 9 * 
2[:»r)"x 9 * 

2C'6"xI0H* 
2D6"xlOM* 
2C'7"xl2^* 


2r*.r'x 9 * 

2r*5"x 9 * 
2C*5"x 9 * 
2r»6"xlO' ii * 
2C'6"xlOi ., * 
2[>7"xl2H* 
2C'7"xH^i* 


2C'5"x9 ; 

2[>5"x 9 ; 
2C'6"xlO'i; 
2C'6"xI0!^; 
2C*6"xlO><,; 
2C'7"xl2?4'f 
2C'7"xl4j4* 



Pmiiifialte Cy^Mtr PUn 

Pneumatic cylinder piers shall be fornKHl of two shells, an inner onp 
and an outer one. The outer sholl shall l>e of a size rcfiuireil for the 
pier base, while the inner one, forming the well to the air cb&mber, shall 
be three (3) feet in diameter, except in small piers, where this dimension 
may be reduced to two feet six inches (2'()"). The working chambta* 
shall be formed by flaring out the inner shell for a height of about eiglit 
(8) feet at the bottom until it meeis the outer afadl at the lower e4ge^ 
where a cutting edge, dmilar to that for a timber pier, is effected. Tte 
inner and the outer shells are to be braced together by open aagto-trusring, 
preferably hi six radial planes. This bracing shall extend iq> about five 
(5) feet above the flared portion of the inner 'shell, beyond which eleva- 
tion the construction is to be sunilar to that of the cylinder piers with 
piles. 

The plates for the 1ow(t thirteen (13) feet of the pier shall he -ft- inrli 
thick; and the details of the cutting edge, bracing, and splicer shall be 
as shown in Fig. 41c. 

Highway Cylinder Fiera in General 

It may frequently occur that the size of cylinder required at the lx)t- 
toni is larger than that recjuircd at the top tr> take the span Ix'arinjrs. m 
which case the top may he reduced to the size re(iuired. The following 
points, however, should be kept in mind in doing so. The lH>ttom 20 
feet should be kept plumb so that the cylinder can be sunk with ease aod 
accuracy. The reduction in size should be effected in one of two ways: 
(o) by telescoping the sections and putting in filling rings; (6) by making 
one five-foot section a frustum of a cone and thus conoentrating all the 
reduction into that length. The cylinders can be unifofmly bettered for 
most of their length; but the shopwork would be more dUBeolt thsn 
by either of the above methods. In pile piers the reduetran in sms mart 
be at such a hd|^t as to allow the driving of the piles inside the cyfinifer 
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after it is sunk; because, with the doee 8i>acing of piles necessary in this 
class of piers, it is not safe to depend on being able to drive the piles with 
sufficient accural to allow of the cylinders being sunk over them. 

For the laiger-sised flinders it is not ahrays necessary to cany the 
specified thickness of metal to the top. Thus above ordinary water sur- 
face it may be reduced to %9 mch; and also in pneumatic piers, which 
will have concrete between the outer sheQ and the shaft during anking, 
the metal above the ground surface may be made Yiq inch thick. 

Timber Pile Piers 

Timber pile piers shall be proportioned to carr>' th(* maximum super- 
imposed loads without exceeding tlie allowalile load on piles. The piles 
shall be arranged so that the lond will Ik* distributed unifonnly over them. 
Where pile piers are to be replaced later by more permanent construction, 
the piles shall be SO located that they can be incorporattnl into the final 
design, if such an arrangement be practicable. Substantial bracing bolted 
to the inles shall be employed; and in streams with any appreciable cur- 
rent and carrying either ice or drift, the up-stream end shall be battered 
and brought to a point so as to form a nose or breakwater; and the entire 
group of piles shall be enclosed by four (4) inch oak sheathing, laid close 
together and filled inside with stone. In cases where the ice is very 
destructive, the face of tiie breakwater shall be covmd with metal 
protection. 
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SHORE PROTECTION AND MATTRESS WORK 

RiVBBB mth shifting ohannels and friaUe banks often render it nee- 
essaiy to resort to shore protection in the vicimty of a bridge m order to 
prevent the current from cutting in behind the structure. Also, the pos- 
sibility of an excessive depth of soour around the channd pieis during 
floods makes it desirable in some cases to protect each foundation by * 
willow mattress placed on the bed of the stream and surrounding the 
pier. As the resulte of any such local protection work extend some dis- 
tance from the locality of the improvement, it is incumljeiit u|xjn the 
engineer in making the plans to consider its probable effect on the regi- 
men of the river both above ami below the bridge site. A change in the 
velocity or direction of the current in one section cause's a readjustment 
of the regimen that extends to contiguous sections. For this reason it 
would be preferable and conducive to greater permanency of the protee- 
tion, if local improvements were made to conform with and become a 
part of a general scheme for the entire improvement and oontrol of the 
river. In seeking to protect the bridge by oontroUing the Gumnt, it 
must be recognised that the natural channel should consist of a series 
of advantagsous curves. To attempt the elimination of any audi eurras 
is unwise, as that would produce an Inereased slope and a eonespondinijy 
higher velocity with further scouring until a new bend is fonned. It 
should also be borne in mind that any obstruction eaunng an abrupt 
change in the direction of the current involves a loss of its kinetic energy 
which is expended in a whirl that causes scour and produces disturl^ritict'S 
in the re^iiiu ii. The effort of the engineer should be to control the stream 
by makinp; the (onciivc margin of the bend a true director of the current 
and to avoid divertin^c an excess of flow to the opposite side, thereby un- 
necessiirily deepening that margin and causing a rebound toward the 
initial shore line. 

For the purpose of controlling the current, it is usually better to adopt 
shore revetment rather than groyneSi or spur dykes. While the latter, 
when properly designed and constructed, have proved effectual, experi- 
ence has shown that their results are uncertain unless the works are 
planned by a river specialist liaving fuU and reliable data at hand eovep> 
ing the elements of the physics of the stream in question. Spmr dykee 
involve abrupt changes in vdoci^ and direction of current which pro- 
duce results difficult to foresee. For a detailed diseussum of methods of 
river cuutrul, the reader should refer to the excellent article by the emi- 
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neQt hydraulic engineer, S. Waters Fox, in Vol. LIV of the Tranji. Am. 
Soc. G. or to Professor Van Omum's standard work entitled ''The 
Regulatum of Riven." 

Bendes the direet action of the current^ the other contributing factors 
to bank erosicMi are surface flooding from a heavy down|>our of rain, 
overpour from local pondage, seepage or subsurface flow from some 
nearby storage, and wave action. The eortent to which eroeioni or bank 
eainng, results from any of these causes obviously depends upon the 
character of the material composing the said bank, the homogeneity 
thereof, and the rapidity with which the water is brought into contact 
with it. 

Banks subject to caving or sloughing by reason of ground water, 
seepage, or subsurface flow can be most effectually protected by thor- 
ough drainage. If the seepage comes from \nsible sources, this is readily 
accomplished; and the methods to be eiii ployed will be obvious on in- 
spection of the situation. One of the most troublesome conditions is 
where the source of the ground flow is not visible and where the water 
finds its way through a substratum of quicksand in the bank. In this 
case drainage will prove helpful. When the substratum is not too deep, 
this may someUmes be accomplished by driving sheet piling through the 
water-bearing stratum on a line well inshore fxcm the bank and providing 
a means of gettmg rid of the water which collects against the dam thus 
formed, dther by drain-pipes or, if absolutely necessaiy, by pumping. 

When the erodon is due to wave action, the bank should be graded 
to a slope at least as flat as the natural slope of the saturated material 
of which it is composed. A slope of one to three will usually meet all 
conditions. After grading, the bank should be either covered with willow 
mattress or paved with stones set, preferably, on edge and in such posi- 
tion that the pieces will incline in.shore from a vertical. The laying of 
the stone should, therefore, be commenced at the top of tlie bank and 
progress dcjwuward. The voids should be filled ^nth spawls or cnished 
stone. In (extended reaches of the bank subject to high winds and |)ersis- 
tent wave action of some violence, it bometimes V)ecomes lUTc^ssary to 
break up the lateral transmission of waves by means of short spur dykes. 

When the erosion is due to the action of the current, a willow mat- 
tress covering the subaqueous portion of the bank and extending from a 
little above low water-mark well out over the river bed is an effective 
device. This mattress should be continuous along the concave shore from 
the beginning of the bend to the point below where the stream axis is 
deflected to the opposite bank. Above the water-lme, the bank after 
bdng graded to a proper dope for stability should be riprapped as pre> 
viously described. The advantage of the willow mattress is its flexibility, 
peimitting of ready adjustment to irregularities of the stream bed. By 
extending' this mattress sufficiently beyond the toe of the slope and load- 
ing it with large stones, it will follow down any scour in the met bed 
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and thus afford oontinual protection to the subaqueous portion of the 
bank. For all cases where it is desired to prevent scouring of the river 
bed or the subaqueous portion of the bank, the willow mattress is perhapa 
the surest and most economical means of obtaining the desired result. 

In case of channel piers threatened by excessive scour, a mattress 
can be placed on the river bed covering tiie pier location and weighted 
into position with heavy stones. Then the caisson can be sunk to the 
mattress, the interfering stones removed, and a hole cut through the 
brush of the size and shape of the caisson, so as to permit the latter to 
pass through without (Hstur])ing the mattress. This is the ordinary 
method of proccxluro, but the author prefers to weave a hole in the mat- 
tress for the caisson to pjuss through, leaving ample margin all around 
for error in placing. After the mattress is dnwTi and anchored, the space 
between it and tlic caisson should be filled with fascines or "babies" 
consisting of long bunches of willows well wired together, each contain- 
ing one or two large stones for sinking. These fascines should not only 
fill the space between crib and mattress, but should also extend above 
it about a foot to provide for crushing and settling, after which a layer 
of large stones should be placed above them to serve as rip-rap. The 
author's experience has sho^^Tl that in most cases a margin of three feet 
all around will make the hole large enough, provided that due precau- 
tion be taken in locating the mattress. If much difficulty be anticipated 
from swift current, the margin should be mcreased; but hy putting in 
four diagonal anchorages (either pile or mushroom), one from each comer, 
and attaching the mattress thereto with wire rope in such a manner that 
it may be shifted in any horizontal direction, its location can be made 
as accurate as desired. 

Two standard types of mattresses have been evolved — ^the basket- 
woven t>'pe and the soliti-fascine type. The woven mattress is usually 
et)ni{>osed of willow poles of small diameter, interlaced and woven to- 
gether like a mat, strengthened by a system of galvanized wire rope 
running lengthwise and crosswise of (lie mattress, and sewn to the sel- 
vage and intermediate ropes with strong wire. The solid-fjuscine type, 
which of late jcars on the lower Mississippi luis ahnost displaced the 
woven mattress, consists of bundles, or fascines, of willows laid parallel 
to each other and i)ound closely together by means of wire strands which 
run contiiniously through the mattress. 

S]K'citication8 covering mattress construction will be found in Chapter 



In addition to the use of mattresses for shore protection, it is some- 
times found desirable to modify the shore line in places so as to provide 
a more advantageous curve, in which case a "trammg" dyke is built on the 
' desired alignment, after a mattress has been placed on the river bed to 
prevent scouring and the consequent undermining of the dyke. The usual 



iction of these training dykes consists of two or more rows of 
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piles driven al)out 8 ft. apart, witli piles staggered, forming equilateral 
triangles having sides about 10 ft. long. These rows are then braced 
and tied together with wales and struts so as to form a unit, and the space 
between the rows of piling is filled with rock up to low water, while the 
upper part is made to act as a scre^ either by wattling or by nailing small 
vertical poles to the waling. The crossKlykes are treated in a shnilar 
manner. The effect is to cause accretions behind the dyke, thereby es- 
tabfisfaing a new shore line, and at the same time living a directiim to the 
current that will benefit the channel. Single spiir-dykes have been tried 
for the purpose of deflecting the current and thus preventing the encroach- 
ment of the strciini. There arc two serious defc'ct»s to this system: First, 
immense quantities of driftwood find lodgment against the dyke in unevenly 
distributed masses. This often results in tlie destruction of the dyke 
by overturning or by crushing; and at the same time the evenness ot the 
deposits behind the dyke is interfered with. The second trouble is that 
a pot-hole forms at the stream end of the dyke and prevents the forma- 
tion or maintenance of deposits there. There is more or less of an eddy 
continually occurring at the end of the structure; and, as decay seta in, 
it yields to the force of the current; and when once the end of the dyjLe 
is destroyed the rest succumbs quickly. 

Another type of cross-dyke used for protectmg the toe of a bank sub- 
ject to scour is made of sinlc-^ascines. These are like the "babies*' pre- 
viously described, but larger, being formed of bundles of willow poles, 
each bundle being four or five feet in diameter and containing enough 
rocks in the interior to provide the weight required to hold them on the 
river bed. These sink-fasctnes are placed on the bottom parallel with- 
the shore line, and are further anchored by clusters of piles driven at 
int<»rval8. The top of this pavement of fascines is made to conform 
approximately with the desired slope of bank, so that as the sand and 
silt are deposited around tliein ii new slope is gra<lually furnied. An 
arraiigeiiieiit of this kind was advocated in a report })V the author upon 
how best to ])rotect tlie south bank of the Missouri River above the 
Hannil)al Bridge at Kaii>a.s City. 

Another tyf)e of l)ank dyke is that invent<^d by a Mr. David Xcale. 
It consists of hollow or ceUular fascines anchored to the shore and floated 
into place, where they collect silt and settle to the beti of the river. The 
sinking may be hastened by placing bags of sand inside the fiiscines. 
These fascines in one or two layers form the foundation upon which to 
build the mud cells. These are constructed after the manner of a log 
house with many rooms from 5 feet to 8 feet square. They are built 
in and over the upper slope of the bank, which has previoudy been graded 
to the proper ang^e. These mud cells are stepped back on t^e water 
front to conform roughly to the slope of the bank, and the top is 
covered with a layer of brush. Rip-rap is used at the top of the bank 
to make it more permanent. These dykes are subject to scour at the end. 
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They have been used successfully on both the Missouri und the Arkansas 
rivers; but the author much prefers the old-fashioned type. 

Concrete revetment has been adopted in several cases on the Mis- 
souri River. This consists of paving the bank alxn'o standard low wat«r 
with strips or slabs of reinforcetl concrete about eight feet wide, and of 
placing at water-line and extending outward over the wallow mattress 
a qrstem of flexible concrete block protection fonned of blocks about 
tweaity-four inches square, linked together and to the solid concrete 
paving. Concrete revetment has been used near the mouth of the Kaw 
River to protect the levees. It is laid directly on the earth embankment 
in huge shibs. A number of cracks have developed in it, but thus far 
it is holding its own very well. 

No general rule can be Uiid down for determuung which of these vari- 
ous systems of shore protection is applicable or best for any particular 
case without making a special study of the actual conditions at the ate. 

The poenbility of the necessity for river protection work and the 
expense of its construction should always be given due consideration, 
when estimating on the cost of any important bridge. 

Mattresses are generally kept in place by anchoring them with wire 
ropes to single piles, pile clusters, deatl-men on the bank, or large mush- 
rooms anchors in the stream. In the middle eighties there was invented 
by John W. Nier, Esq., C. E., a method of anchoring mattresses that 
was used in a few places with great success, and then, for some unknown 
reason, wjis abandoned, so that today its scheme of attachment may be 
considered a lost art. It consisted in driving at regular intervals through 
the mattress, by means of a ''harpoon" actuated by a water-jet, thin cir- 
cular cast-iron mushroom anchors, each eight inches in diameter and fas- 
tened at the centre to a piece of telegraph wire, the penetration into 
the soil being about ten feet. The point of the harpoon was easily worked 
through the brush, after which it went down to the full depth in a few 
seconds. By shutting off the water and giving sunultaneously to the 
apparatus a sudden jerk, the anchor was released in such a manner as 
to take a horizontal position. By stressing the wire and attaching it to 
the skeleton ropes ol the mattress, an excdlent anchorage was obtained. 
The first practical trial of this scheme on actual construction was made 
by the author about 1890 during the construction of the Fitcifie Short 
Line Bridge over the Missouri River at Sioux City, Iowa. The river 
bank above the bridge on the Nchraska side was caving, and hence had 
to be protectixi. The author, having great faitli in the efficacy of liis 
friend's invention, gave Mr. Nier a contract for doing the protection 
work; and tlie result justified his action, for the caving was checked 
and the mattress did its duty well until the willows rotted some years 
later. Meanwhile, however, the? channel of the river luul sliifted to the 
Iowa side, where it has remained till this day, rendering unnecessary the 
further protection of the Nebraska bank. 
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When the East Omaha Bridge across the Missouri River was being 
built a few years later, the stream gave indications that the channel would 
shift from the Iowa to the Nebraska shore, and that, in consequence, the 
East Omaha Land Company's property would be cut away. To prevent 
this the author designed and buUt a long, trailing, wattled-pile dyke well 
out into the stream with wattled-pile cross-dykes at intervals, the piles 
of the trailing dyke l)eing driven through a willow mattress that wjus 
anchored by the Nier method. The protection started on a tangent some 
distance above the bridge site at the beginning of a convex cnrve in the 
shore line, deflected gradually to the crossing, where it passed close in 
front of the last pier of the temporary bridge, and then continued lor 
some distance down stream. 

White oak piles about hfty feet long with 8" X 10" oak timbers for 
caps and 6" X 8" yellow pine timbers for bracing were used. The piles 
were driven five (5) feet from centre to centre in two rows six feet apart, 
and the rear row was wattled by weaving slender poles in and out be- 
tween them, and pushing the poles down to the mud, thus forming a 
fence, through which the water in passing was forced to drop a portion of 
its burden of sand. The fifty-foot-wide mattress, most of which was out- 
side of the dyke, prevented any scouring out of the piles. At the upper end 
of the dyke the construction was built specially strong and attached by 
heavy wire rope to a dead-man set well back mto the bank. Not only did 
this dyke answer perfectly the purpose of protecting the river bank, but 
also, incidentally, it fonned a large accretion, thus adding materially to 
the area of the saleable lands of the East Omaha Land Company. 

At the time of the completion of the permanent bridge some twelve 
years later the dyke was still in gocxi shape, although iujured a little in 
places by the ice, for tiie tiinher and piles had not decayed. Whether 
any trace of the old work reinaiiLs today after the passiige of more than 
two decades since its building, the author was curious to ascertain, conse- 
quently he \NTote to A. S. Baldwin, Esq., C. E., Chief Engineer of tlie 
Illinois Central Railway Comp;iny, which company is the present oxsiier 
of the East Omaha Bridge, and asketl him to tell him the condition of 
the old construction. Mr. Baldwin, not having the information at hand, 
was so kind and courteous as to take the trouble to send an engineer 
to East Omaha with instructions to investigate and report upon the 
matter. The result was that on April 10, 1915, Mr. Baldwin wrote the 
author a letter, from which the following extract is made: 

"Refflrring to jaar letter of March 24th in regaid to ooDdition of the old pile dykes 
bailt near the Kimt Omaha bridge to prote<'t the shofe line some twenty years ago. 

"We had no (iefinite information in the office in regard to the condition of this dyke, 
and I arranRed to hnvo n roprosoiitut ivc to Omaha and look OVCT the wwk with a 

view of obtaining the inforrnuiion which you desire. 

"I attach hereto photographic view and sketches .showing the type of construction 
of ihuse dykeii uu both sided of the river near the bridge. 
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"The dyke on the Nebraska side is about 2200 feet long and has five cross-dykes. 
Ail portions of the structure are completely covered, with the exception of a section of 
the parallel dyke near the bridge, which ia shown in the picture. This dyke is built 
of two rows of wliite oak piles with S x 10 inch caps and 6x8 inch braces of yellow pine. 
The material which is exposetl above the job is in very good condition, and I presume 
the cross-dykes are in the same shape jis thowe on the Iowa side, but it was impossible 
to determine, as they were completely 8ubmergc<l. The Government map which is 
attached indicates that the dyke hjis served the puqxjse for which it was intended, as 
there is very little difference between the shore line in 1890 and the present one. The 
bank at this jwint is filled to a height of 12 feet above the top of the parallel dyke." 

Fig. 44a shows the only portion of the trailing dyke that has not been 
covered by a deposit of sand. 

The author has made a practice of building his mattresses generally 
about twelve inches in thickness, although common practice permits of 




Fia. 44a. Shore Protection on the Nebraska Side of the Missouri River at East 

Omaha, Neb. 



ten inches; and in special constructions, such as pier mats, he has made 
them sixteen and even eighteen inches thick. In order to prevent the 
anchor stones from being washed off, he la.shes firmly to the skeleton ropes 
of the construction small logs running in two directions at right angles 
to each other so as to form cribs for holding the load. These serve to 
stiffen the mattress, but not enough to prevent its settling when under- 
mined. 
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American S(X"iety of Municipal Improve- 
ments, 1742 
American standard I-J)eam sections, 460 
American Steel and Wire Company, 77 
^Vmcrican Vanadium Company, of Pittsburgh, 
82 

Amusement casino for Havana Harljor 

Bridge, 1077 
Analysis of stresses, origin of, 15 
Analytic ujothod of stress computation, 158. 

ISA 

computing stresses in tnisses with 
polygonal chords, 159 

.'ii 
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Anchor arms, economic length of, 1199 
Anchor bolts, 453, 454, 457, 544, 1053. 
1668, 1786 

stresses from eccentric loads, 304-309 
Anchor, mushroom, 1002 
Anchor span, economic length of, 1200 
Anchorages, 27o. 1645 

cantilever bridges, 579 

columns, 278. 1643, 1644 

pedestals, 1Q3Q 

swing spans, 154^ 603^ 1075, 1693 

trestle towers, 2K1 
Anchoring mattresses, 1062 
Ancient bridges, materials for, 1^ 
An^e measurements in triangulation, 1466, 
1460, 1461 

corrections in triangulation work, 1461 
Angles, 4Z 

areas, net and gross, 424, 425 

centres of gravity, positloua of, 424 

gauges of, 23^ 

lacing. 2ii0 

overrun of, 43Q 
Annealing, 1781 

castings, 23& 
Annual installment required to produce one 

dollar, 1626 
Annual rainfall and record run-o£fs of the 

United States, 1116 
Anti-creeping devices for rails, 357 
AiKjlIodorus, 12 

Application of stresses, frequency of, 225 
Approaches, 535 

artistic, 1178 

curved, 1091 

curves on, 1212 

economics of, 1193 

tim))er trestle, 1866 
Approximate quantities of materials, 1871o 
1874 

Approval of bridge plans by War Department 

olwtaclos to, 1141 

rules for, 1140 
Arbitration, 1666, 1587, 1588, 1886 

bond guaranteeing to abide by decision 
of, 1589 

examples of, 1588, 1589 
Arches, 

aesthetics of, fll7 

abutments and piers, 

calculation of stresses in, 01 1 
quantities in. 1337-1347 
steel in, 1344 

advantages of, (US 

Babylonian. 2 

barrels, quantities in, 1333 

braced-rib tyjw, 020, fi3ti 

bracing of, Ctli.'i 

canilxjr of, 752. 700 

cantilever, 032^ 033, fiSfi 



Arches, 

cantilevering of, 618, fil9 
centering, 1602 

central hinge for dead load only, 619 
centre-line, determination of, 863 
centres, forms, staging, runways, and 

falsework, 1769 
Chinese, Q. 

clay centres for, 1637 

combination of stresses in, 635 

comparison of various types of, 619 

concreting of, 952 

corbelled. Z 

crescent-shaped, 019 

crown hinge for, Mfi 

culverts, 1864 

data for, 642, 643, 044 

dead loads for, Q& 

defects in, 1164 

deflections of, 842 

detailing of. 044x MS 

economics of, 1191 

economy of types of, fiflfi 

elastic, 11, 15 

elliptical, 11 

equivalent uniform live loads for, 634 
erection of. 618 
fixed-ended, stresses in, 8fi2 
foundations for, 018 
framing of, 620 
gothic, 11 

Great Wall of Cliina, 2 
Harlem River, 643 
highway bridgi*s, 042 
hingeless, 620, 62L 636 
hinges for, 19 
hj-perlxilic curves for, 631 
inclined to vertical, 634 
lenticukr, 620 
masonry, 536 

longest span, 19 ' 

theory of, 15, 611 
merits of different kinds of, 635 
metal, origin of, 2Z 
minimum sparing of, fi.S3 
moments of inertia of, 841 
one-hinged. 624, 636 
open-spandrel, 940 
origin of, Z 
piers and abutments, 

calculation of stn»sses in, fill 

designing of, O-tO 

quantities in, 1337-1347 

steel in, 1344 
quantities in, 1329-1334 
railroad bridges, 642 
reinforced roncretc, 802-910. 940-944 

calculation of stresses in. 802-010 
ap|)njxiniate njethods, 868-880 
exact njethods, KS(>-9in 
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Arches, 

reinforced conprrte, 

ccntre-Iino, cletermination of. Sfi3 
designing and detailing of, i>4Q-944 
piers and abutiuouU of, 

calculation of stresses in, ffl l-OlS 
designing and detailing of, 944 
thickness of, equation of, K(')7 
quantities in, 1330-1347 
segmental, II 
semi-circular, IQ 
sewers, lioman, IQ 
shortening. 864, 871^ H8L 882 
effects of, 256 

position of point of contraflexuro for, 
H7Q 

8olid-rih type of, 620. 63tt 
solid-spandrel, 940 
spandrel-braced, Q2Q 
temiK-raturc stresses in, 212. 872. 883 
three-hinged, 026, 027, QM 
timber, 012 

timlxjr, over the Danube River, 111 

train sheds. 018 

trussing of welw in, 620 

two-lunged, 020. 030 

weights of metal in, lormuUB for, 638 

widths of, CuiJ 

wind str.'sses in, 631 
Architectural arrangement in engineering 

work, 1163 
Architectural effect, 2ZQ 

American bridge practice, 1164 
Areji moment law, 233 
Areas, 

angles, net nn<\ grofls, 424. 425 

cover plates. 420 

plate-ginfer flanges. 429 

waterways, detorniination of data for, 1109 
Arkansas River Bridge at F<>rt Smith, I2ii 
Army Engineers' hearings, 1142 
Amodin, F., 071 

Arroyo Seco Bridge at Pasadena, Cal., 941. 
1164 

"Artistic Design of Bridges " by Tyrrell, 
1179, 1181 

Asbestos, 51 

Ashtabula bridge disaster, 24^ Ifiil 
.\«phalt. 5L 352 
cement, 1812 

filler for brick paving, 1836 

pavement, 370 1809 
repairing. 1817 
weight of, 25 

specifications, 1809 

testing, 1809 
Asphaltic mastic, 351, 352 
Assembling and reaming, 1423, 1434 
Assigning or subletting of contract, 1656, 1882 
Asdgns, 1563 



Association of Inspectors, 1414, 1437 
Assos Bridge, 6 

Assuming rest>onsibilities, 1616 
Atchafalaya River Ixjringa. 1098 
Atchafalaya River swnng span, erection of, 

993. 1072 
"A" truss, 47L 428 

Attachments for wire ropes, 312. 1719, 1789 
Attendance, regularity of, by employees, 1608 
Auger borings, 1093 

Austeriitz Bridge (Paris), G2L 02S, 1071 

Austin, Texas, bridge, 1164 

Award of contract, 1881 

Axes, gravity, intersection of, 2Zii 

B 

Babbitt metal, 50, 1779 

Vjcarings, 337 
Babylon Briilge over the Euphrates, 6, 9 
Babylonian arches, 3 
Back-checking. 1395 
Back-filUng, 1864 
Backstays, 058 

Bags filled with clay and sand for foundations, 
973 

Bags for cofferdams, 07.^ 

Balanccfi loads on rim-lx>aring swing spans, 

reactions for, 090 
Baldwin, A. 1(Mk3 

BallasttHi floors, 34L 348. 349, 350. 775, 1634 

compari*m with ojx'n deck, 347 

effect on impact of, 125 
Ball signal, 1801 
Baltimore truss. 24, 408. 462 
Banding of arch ribs, 944 
Bankers, 

dealing with, 1596, 1597 

introductions to, 1596 

rejection of project by, 1597 
Banks, 

caving of. 1 Uo9 

erosion, m'>9 

grading. 1059 

high, 1090 

protection. 1866 

sliding of, 1074 
Barges, 

borings, 1097 

erection, 1849 

erection on, 1076 

renewal of spans, 1510 
Bar lacing, weight of, 287 
Barnett, Robert C. 1169. 189S 
Bars, 

areas of. 799 

corrugated, 48 

deformwJ. origin of, 2S 

reinforcing, 48, 1779 

twisted, 48 

weights of, 799 
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Bascule bridges. 663, 664. 
advantages of, "01 
camlier for, 
classificntioii t>(, 701 
comparison of types, 713 
comparison with vertical lifts and swings, 
1208 

details of design. 1697 
floors for, 30() 
. history of, 700 
locutions of American, 716 
power for, 1701 
types of, 7AA 

Brown, 706, 70L ZM 

C"hi(ago-City-type, 708. 709, 115 

Cowing, 7 1 '2 

Montgomery Waddell, 711. 712. 

nil 

Page, 708, Z14 

Rail, 702^ TOa. 704, 114 

roller-l)oaring type, 701 

rollitig lift type, Ilil 

Scherzer. TOT, 702, 703, 214 

Strauss heel-tninnion, 706 

Strauss trunnion, 704. 70o. 714. 71.') 

trunnion lyi>e. 701 

Waddell & Harrington. 709. 7H). 
Ill 

wind loads for. lo.j 
Base castings for pedestals, liifi 
Base lines. 

lengths of. 1460 

measurements. 1456, 1467, 1468 

Base-plates, stresses from eccentric loads. 
304 Am 

Bases, 

abutments, pressures on. 1030. 1031 
counterforted retaining walls, loads on, 
10.30 

pavements, 368. 369 

pedestals, 1685 

piers, enlarging of, 971 

piers, piles in, 1050 

piers, pressures upon, 964 

plate-girder spans. Str Shoes. 

retaining wall, design of. 1036. 103S 
Basi'is for Hwrs, 373 
BLi.«lvct-wo\-en mattresses, 1060 
Hates. Onward, 1067 
Batten plates. .'tH."t 

for truss members, 1678 
Batter, 

coltimns, 1€M 

[K-di'stals, 10-'8 

pier shafts. lO'il 

sides of ciiissoiis, 9S7 

sides (if nja.si>nry piers, 1 02 1 

tower eolunjns, "> t< ) 
Butter l>ra<'es, iH-iiding on. 1660 
Battered piles, liLU 



Bauschingor, IS 

Beam bridges, prototypes of, 3 

Beams, 

cantilever, 436. 1672 

deflections of, 22H, M2 

depth of, S:i6 

continuous, deflection of. 23Q 
milling of, 1783 
timber, figuring of. 
var>nng depth of, ii3fi 
Bearing, 

areas, effective. 1658 
masonr>', 1657 
piles. 100.S 

pins, inten.sities for, 264. 323 

rivets, intensities for, 264. 32S 

stre.sji»'s, '2'h> 
Bearing-blocks for swing-span drums. 1694 
Bearings. 1728 

connections for tower sheaves. 1789 

plate-girder spans »SV* Shoes. 

tower sheavi's, 1722 
Beauty. 1153. 1154 
Beauty of design, 1151 

Beaver C'antilever Bridge, 357^ 482, 533. 
596, 614, 1179 

Be<l-rock, 

drilling into, 1103 

leveling of, 11122 

sinking piers into, 1026 
Becls of rivers, swuring of, 1120 
Bells, signal, 1802 
Bench marks. 1467 

for borings. 1107 
Benfling UKmient, criterion for, IM 
Bending stres.se8. 2(Kt 

chords of trusses, 1660 

end posts, incline^], 1660 

fl<K)r-lx«ams, due to deflection, 2£ift 

pins, intensities for. '2ikL 32A^ 1658 

plates, 3Jl1 

transverse loads, 20.''> 

weight of memljer. 205. 2&2^ 1660 

wire ro|K's, 311. 1712 
Beruiitig tests for st*H'l, 1774 
Heiidr* in reinforeenient. 
Bends in rivers, remotetiess from. 1090 
Benedictine Monks, 11 
Bents, solitary, 21 1 
Berno illi. 14. 

Hosi-iuer process, origin of, IZ 
Bess<'iner steel, 41j 

Bethlehem s|MTial I-l>eam sections. 460 
Bethlehem .Steel ( 'ompun.v, 1202 
Ikvt led cuts. 32S 
B«'veled sole platen. 1067 

Itidder-i" plant and e\idence of experience, 
1878 

Biddiiu', ailherence to s)>ecitication8 in, 
1869 
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Ridding plans, submission of, 1629 
Bids. 

competitive, 4Q 

int«grity of, 1881 

lump-sum, 29j 10 

rejection of, 1882 
Binder for asphalt pavement, 1813 
Binder stone for asphalt pavement, 1811 
Bitulithic pavement, 370. 1823 
Bitumen, determination of, for asphalt, 
1819. 1821 

IMack River Bridge on the Louisiana & 

Arkansas Railway, 737. 739 
Blacksmith work. 1202 
Blackwell's Island Bridge, 58, m 588. 
Bland, J. C, 1827 

Blasting foundations for caissons, 983 
Block (creosoted) pavement, 1806 
Blowing caisson, 1(K)1 
Blowing out materials from caissons, IQQQ 
Blowpipe, 990, 1000 
Blue-print records, 1403, 1404 
Blue-prints, order-form for, 1402, 1403 
Blue River Bridge at Kansas City, flSfi 
Boat indicator, 1735 
Bol>-tailed swing spans, 664 
Boca del Rio Bridge, Mexico, 770. QSfi 
Bold-faced type, use of in the specifications, 
1742 

Boiler. Hodge & Baird, 369, 370, 391, 48L 
493. 598 

Boiler's formula for power for swing spans, 
689 

Bollman truss, 468. 422 
Bollman, Wendell, 23 
Fiolsters, 3S4 
Holts, lO.'SO 

anchor. 45L 544, 1053. 1658. 1786 

fox, 45L 1786 

tap, 1731 

turned, 337, 1731, 1785 
Bond, 1566, 1877, 1886 

Bonded indebtednoss. amount of. 1698 
Bonding of rails, 356. 1842 
Bonds as compensation for cugiueering work, 
1607 

guaranteeing of, 1599 

price of, 1598 
Bonn (Germany) Bridge, 62fl 
Bonus, 1876 
Borings, 1093 

auger for, 1093 

barges .for, 1097 

hedrt)ck, 1103 

bench marks for, 1107 

boulders. 1103 

clay, 1103 

clay puddle for. 1098 
cost of making. 1099 
derrick for, 1097 



Borings. 

drive head for, 1095 

equipment for, 1094 

gasoline engine for, 1106 

instructions to parties, 1100 

liability insurance for ptorties, 1106 

locaUon of, 1101, 1106 

making of, 1093 

necessity for. 1082 

number of, 1094, 1101 

outfit for, 1095 

disposal of, 1107 
paying cost of, 1604 
pipe, measurements of, 1103 
power, 1106 
reliability of, 1099 
reports, 1107 
sand, bars, 1106 
scaffolding for. 1104 
scows for, 1097, 1104 
skiff for. 1105 

tools, shipping back of, 1105 
wash, 1093 
watchman for, 1105 
Bosses, 3iiZ 

Boston & Providence Railroad Bridge 

failure. 1541. 1542 
Bottom-chord 

1 with wel> plate, 49.'> 

joint, designing of, 527. 529 

lap-splire (tension). 512-517 

sections. Sre IMiss members. 
Bott<jm lateral systeuis, 398. 404 
Bottom velocity, 1120 
Boulders, <JM 

encountering in borings, 1103 

sinking caissons through, 9112 
BouHcaren, Louis F. G., 25, 22 
Box compression chords, 2iiS 
Box sections. 498 
Boxed spaces, 27H 
Bnired-rib arches, 636 
Braced steel piers and towers, 1 026 
Bracing, 30 

cantilever brackets. 382 

cribs and cais-sons. 1049 

cylitider i.iers, 1020. 1055. 105fi 

IM)rttilM, 203 

stringer, 294 

towers in trestles, .'j.39 
Bracing frames, 394 

multiple tnick .structures, 277 
Brackets, 1673 

cantilever, temporary omission of, 1073 

connections, 376, 37S 

corner, 340 

dnmi. 1693 

fl.Hjr-ljeiinis. 318, 379, 380 
stringer. ■'<7r> 

temporary otnitwiou of 1204 
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Braked - train thrust, detailing for, 283. 
284 

Brakes, 

electric, 1706 

hand. 1704 

solenoid, 1703, 1797 
Breaking of floors, 374 
Breaking of track, 352 
Breithaupt, W. H^, fifi2 
Bribing, 1623 

Brick, 51 % 
paving. 370, 1826-1836 

grout filler for. 1833 

maintenance of. 1836 

rolling of, 1832 

weight of, Q£ 
piers, 1022. 1861 
testing. 1826-1831 
Bridges, 

approaches, 534. 535 
bascule, Ziift 
bUl. 1138 

building, future of, 35 
cantilever, American, origin of, 25 
cantilever, longest spans of, 25 
cast-iron, Ifi 

construction, ordinary materials of, 
45 

designing. American, evolution of. 23 
designing by manufacturers, 31 
definition of, 534 
engineer, 

consulting. 32 

duty of, to his contractors, 1630 
expert, 3fl 

responsibility of, 1611 

value of services of, 32 
engineering, 

American, dovclopnjont of, 13 

business features of. 1606 

corps for railway, 41 

dawn of, 1 

etliics of, 1619 

evolution of, l-3.'> 

fees, 1601 

specialty of, 3fi 

status of, 1602 
erection, designing for, 334 
examination, 1614 

examination, charges for, 1619, 1620 
failunw, 3L 1639-1647, 1626, 1627 

causes of. 1640 

losHons of. 1639 

tabulation of. 1639, 1640 
gates, 077. 078 

high and low, comparison of, 003 

inui>oction. 1614 

frequency of. 1614 
instructions for. 1520, 1621 
proper, 1616, 1616 



Bridges, 

iron railroad, origin of, 1& 
lattice, IZ 
locating of, 1088 

long-span American, origin of. 2A 
low and high, comparison of, Qfi3 
machinery, 330 
materials, development of, Ifi 
pin-connected, origin of. 23 
projects, classifications of, 1692 
projects, promotion of, 1691 
reinforccd-concretc, 783 
repairing, 1619 
epocialist, 3fi 
ideal, 43 

interference with, 42 

specifications, printed, first, 29 

steel, life of, 32 
origin of, ITi 22 

suspension, 047 

tubular, 17^ 23 

wooden, 772 
Bridging navigable waters, requirements of 
the United States Government 
for, 1137 
Brine drippings, 348, 428 
Brittle rone in nickel steel, Ql 
Broken stone or gravel 

specifications fur, 1861 

testing, 1470 

wcigljt of, 9fi 
Bronze, 5Q 

bushings. 337. 1777 
Brooklyn liridge. 2L G5Q 
Brooming of j)iles. IfllS 
Brothers of the Bridge. H 
Brown btiwcule. TOO, 707, 214 
Brown. Thomas E., 710. 22(i 
Brush, 53 
B^uy^re. U 
Br>'an. C. W.. iia 

Buchanan Junction Bridge failure, 1545 
Buck. L. L.. 22 
Buck. H. S., 033 
Bucket dredges. 2Q2 
Buckled plalcs, 42 

floors. 370, 372, 1204 
Buda Pe-sth liridgc. fi52 

designs, 1178 
Bud. A. W.. 500 
Buffers, 1724 

Building up of caiswms, 1001 
Built chunnob, 400 
Built mornlxTs. 1784 
liuilt 8h«x>H, 'ilVA 

liulklcy Kivcr liridge. B. C. 3. 4, S 
Bull.M-k IVn Viaduct. 22 
Buried piers. 53iL 1U31. 1214 
Burkli-Zicglor's formula. 1116 
Burlap, 3jL 352. 3fi9 
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Burr, Prof. William OIL 650. 65^ fiSS 
Burr. Theodore, 15^ 13 
Burr truss. 12 

Burrard Inlet Bridge at Vancouver, B. C.» 
343 

Bushings, 1729 

bronze, 337. 1777 
Bu8ine!«8 features of bridge engineering, 1606 
Butt-i»pUcc8, 508^ mi 

c 

Cables. 

cradling of. 21 

electric, 1796 , 

lift span. 1718, 1719 

operating, 1726 

rise, economic, 65fi 

steel, weights of. iHl 

supply, for swing spans, 1706 

wire. jS'«e Tables for Designing. 
CiEsar's bridge over the Rhine, & 
Cain, Prof. Wm., 61L 222 
Caissons, 

battered sides for, OK? 

blasting foundations for, OS.'t 

blowing cif. HH>1 

blowing out materials from, I OOP 

bracing for, IM9 

building up of, 1001 

cross-sections of, 980 

docks for, IKM 

dynamiting of, 093 

ejecting material from, D9& 

faces of wells for. 987 

false bottoms for, 90-t 

filling of, 995 

flaring sides of, 1001 

hanging of. 996 

holding in position of, 

inspection of, 1449 

jetting pipes for, 990 

keeping in correct position, 1001 

launching of, 222 

logs in. 225 

materiab of. 9H3. 2S4 

metal. 986. 982 

open-dredging, 1868 

origin of, 12 

pneumatic, 1867 

details of, 1007 

founding of, 971 
pockct-s in, 080 
pumping out of, 995 
reinforcefl concrete, 9Sfl 
righting of, 997 
side friction on, 990 
sinking of, 990, 222 
sinking of, through boulders, 992 
steel. 990 

suspending of, 994. lOQG 



liii 

Caissons, 

timl>er, framing of, 989 

timbers for, 99S» 1248 

tipping of, 996» 922 

wooden, designing of, 1004 
Calculations. See also Designing. 

accuracy of, 1377 

approximate method for archefl, S6S 
data for, 1373 
files, 1408 
filing of. 1386 

making and checking of, 1371, 1373, 1378, 
I 1389 

plate-girder spans. Sre Designing of 

Plate-Girder Spans 
sheet, form of. 1374, 1376 
time-record for, 1407 
Calumet River Vertical Lift Bridge for the 

Lake Shore St Michigan Southern 

Ry. Co.. at South Chicago, IlL, 

734. 736. 737 
Camber. 751-7M. 1644, 1784 

approximate method, 756. 757. 758 

arch spans, 252 

bascule bridges, 753 

cantilever bridges, 752. 759, 700 

curve, form of, 7.'i9 

dapping ties for, 359, 76L 252 

half-<lupping, 25^ 
dimensioning for, 751-764 
Petit trusses, 7.'>.S 
pin-connected trusses, 755, 756 
plate girders. 329^ 332» 753, 754 
reason for. 251 

rein forced-concrete bridges, 253 

riveted trusses, 255 

eemi-can tile vers, 759 

simple truss spans, 754-759 

steel arches, 760 

suspension bridges, 752. 701 

swing spans, 753. 761, 1692 

towers of vertical lift spans, 762. 763. 7M 

trusses. 333 

vertical lift bridges, 753x 261 
Cambridge Arch Bridge, New Zealand, 630. 

Camel-back truss. 4^ 47L 428 
Campl>ell, C. E. IL, KM 
Canficld, August, 22 
Canso Bridge design, 1160 
Cantilever arch. 632, 6.33. 036 
Cantilever beams, 379. im). 43fi 

bracing bottom flange. 3ii2 

connections. 378, 382 

designing of. 222 

flanges, design of, 380-382 

milling, 382 

strap plates, 379. 380 

temporary omission of, 1073, 1204 

thrust angles, 380 
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Cantilever bridges, 5fi8-filfi 
American, orifon of, 2h 
anchor arms, attaehment of, fil4 
anchorage details for, 579 
artiatic efTect in, 
camber for, 752. 759. 7(10 
Canso, Strait of, design of proposed 

bridge for, ^iH 
Chinese. I 

combination of stresses in. 572 
comparative rigidity of. 5£ill 
conditions suitable for. !HiH 
couuections for suspended span of, 61 1. 
012 

curvature of chords for, 5S2 
detailing of, fiiCL QU 
determination of equivalent live loads 
for. 572 

economic comparison with suspension 

bridges, 1S06. 1207 
economic Icngtlis, 
anchor arm, 1199 
anchor span. 1200 
8usi>ended span, 5H1. 1198 
ocononucs of, 509^ 570. 580. 58L 585. 591. 
1198 

compari.Mon with simple tru."«es. 1200 
erection stn^sses in. 57'.i 
final connections Af, 580 
heit^lits of posts for, 5S9 
Hindoo. Z 

idle meml)ers in, omission of, 577. 57fl 
impact for. 5Z2 
increasing widths of, 57.'^ 
intermediate trusses for, 
lay(>uts for, 5H.5 

legitimate economies in. 589. 590 

longest spans of, lia 

Mayarl steel for, 21 

minimum widths for, 570 

Nippon Ilailway of Japan. 574. 576 

North River, proposed, 

origin of. G 

piers or pedestals for. 590 

rollers for main Ix-arings of. 614 

.•Jlrait of (^anso, pro|x>9ed, 593 

sfri'ssos in, 570. 571, 512 

suitable conditions for, 568 

HiisiK'nilers in. 577 

truxs <leiitli» for. 5S9 

l ype A. 5N7, 1271-1273, 1276 

1 vpe B. 5SS, aM). 1271, 1277-1279 

Ty]>c C, rjHii^ 1271, 1280-1282 
economics of. 592 

Tyije D, 5S9, 1271, 1283-1285 

Wandipore, Til)ot, I 

weights of metal in, 581-587, 1271-1285 
anolu.r .spiiii.H of. 5S4 
anchorages of, 58-1 
pieru in, 5hi 



Cantilever draw spans. 665. 666 
Cantilevering during erection, ST. 574. 675. 

577. 1503, 1504 
from rocky bluflf, 575. 577 
Cantilevering of floors. 483 
Cantilever plate-girders, 418. 444. 1671 
Cantilever retaining walla. 1037 
Cantilevers for train-sheds, 5fiQ 
Cantilevers for work-ehop trussefl, 569 
Capital stock, amount of, 1598 
Capitol Avenue Bridge in Indianapoli*. 

1169 

Car, 

overhapg of, 14S 

tilting of, I4S 
Caravan Bridge over the River Meles. & 
Carlx)n content in steel, 46 
Carbon steel, 4a 

requirementa for, 1770 
Carbon-vanadium steel, 84 
Care of finished concrete, 252 
Carpenter, Mr., Gl 
Carr>'ing capacities of soils. 964 
Carrj-ing of water-pip€?8, 1076, 1843 
Carrying trains, falsework for. 1849 
Camill, Howard, 23 
Cartage, 1766 
Cartlidge, C. H^ 666, SQZ 
Casing pipe, 1097 

Casino for Havana Harbor Bridge, 1077 
Cast bases for columns, 340 
Cast iron. 49^ 337 

barring out of, Ii41} 

bridges, Ifi 
Cast piles. mi2 
Cast shoes. 533 

plate-girders, 4.^ 
Cast steel, 48. ML 
Coatings, [iM 

annealing of. 338 

iron. 1777 

steel, 1777 
Catalogue file, 1411 
Catch-l>asins, 1835 

Catcliing washed-out material of borioss. 
1102 

Cattle, weight of, LH 
Caulking, 988, 1050 
Caving of banks, 
Cedar. Pacific Coast. 52 
Cellular fascines, 1061 
Cement, 

American, 55 

asphalt, 1812 

foreign, 55 

inspection, 1449, 14S1 
natural, 17. 28. 55 
nect'SHity for testing, 5fi 
Portland. 17, 28 
reporta, 1487 
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Cement, 

Roman, 55 
Rosendjile, 55 

specifications for, 1849, 1850, 1881 

testing at manufactory, 1470 
Centering castings, 17SS 
Centering for arches, 160S 
Centre-bearing swing-spans, 1698 

centre wedges for, 1717 

distribution of load on, fi87 

pivot, tracks, rack, and rollers. 1718 

reactions for, fiOl 

8upp>ortiug of, fiOfi 
Centre-castings for rim-iicaring swing-spans, 
1718 

Centre line nf arch-rib, determination 

of, Jifi3 
Centres, arch, 1789 
Centres of gravity, 
angles, 121 

plate-girder flanges, 427 
Centrifugal force, 132, 135 

loads, 956, 1884 

point of application of. IM 
Centrifugal pumps, 979 
Cemavoda (Roumania) Bridge, fiQQ 
Chalfant, A. G., 52fi 
Changes. 1782 

cost of and reasons for. 1081 

contracts. 1888 

grade on structure. 356 

grades, 374, 1748 

plans, 1884 

temperature, effects of. 1884 

rein forced-concrete bridges, 952 

tracings, 1388 
Channels, IZ 

built, 435 

roUed, 49.1-495 

turne<l-in flanges of, 33Q 
Channels of streams, . 

curvature, 1()5S 

obstruction due to piers. 1121 

shifting, as affecting layout, 1216 

straightness. narrowne.-^*<, and permanency 
of. 1090 

Charges for ins|>ecting bridges, 1619, 
1620 

schedules of. 1602. 1603, 1804 

Charleston, W. Va., Hridgo failure, 1646 

(Charts of progress, 1486 

(^heck. deposit. 1881 

Checkered plates. 3Z4 

Checker's duties. 1392 

Checking, 

calculations. 1371, 1378 

drawings. 1382. 1383, 1384, 1396 

estimates, 1381 

finished design, 2b0 

materials. 1477 



Checking, 

shop drawings. 1886, 1398, 1398, 1402. 
1411 

triangulation work, 1482 
Checking-prints. 1396 

fiUng of. 1410 
Chester. Mass.. Bridge failure, 1643 
Chexy formula. 1121 
C. B. A. Q. Ry. formula. 1116 
Chicago-City-t>TX) bascule. 7W. 709, 115 
Chico cantilever in Mexico, 1088 
Chief designer's duties, 1389 
Chief draftsman's duties, 1391, 1393 
Chinese arches, 2 
Choice of type for piers, 
Chords, 

bottom, sections of, 495, 497 

curvature of track, effect of, 145 

cur\ed top. 479. 480 

deformation of, 2IM 

heating of, 212 

packing, 1882 

pins, eccentricity of, .140 

polygonal, 479, 4M 

sections, 333, 492, 493, 50L 530, 1676, 
1681 

splices, location of. 5111 

top chords, 49S-500 

trusses. 3^ 501, ii30, 1676, 1881 
Chrome-nickel steel, 5ii 
Chronie-stcel. 27, 5H 
Chrome-vauadium steel for rivets, 84 
Chromium in steel, hi 
Cincinnati-Newport BridRc. 005. (MM 
Cinders, 51 

Cisco arch cantilevering, 1604, 1506, 
1508 

City Waterway Bridge, Tacoma, 734. 735. 
1076 

Clam shell dretlges. 092 
Clarke, Reeves & Co., 22 
Clarke. T. C. 2L ti62 
Claiwes of floor systems, .146 
CUusses of traffic and provision therefor, 
311 

Classification, 

bridges in general, 1832 

highway bridges, 16^2 

reinforced-<'oncrete bridges. 9.")3 
Clause index of Chapter LXXVIII, 1736 
Clause index of Chapter LXXIX, 1887 
Clause's (variable, incomplete, and perma- 
nent) in si)ecification3, 1742 
Claw couplings, 1729, 1730 
Clay, 

bcjrings in. 1103 

pile-<Jn\nnK in. 101R 

puddle for liorings. 1098 

sinking piers in, 993. O^.'). lOOQ 
Clay-centered arch-rings, 1637 
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CleanitiR drawinfts, 1387 
Cleaning of mctalwork, 767. 768 
Clear headway requirements of War De- 
partment, 1143 
Clearance, 329. 'dM 

between spans, 337 

cur\'ea. I63S 

expansion points. 332. 459 
highway bridges, 1639 
necessity for. 334. 33fi 
parking. 22fi 

railway bridges, 483^ 484i 1M8 

skew bridges on cvirves, 147 

square bridges on curves, 147 
Clips. 36fi 
Cluster piles, IQll 
Clutches, friction, 1730 
Coalbrookdale Bridge, Ifi 
Coal-tar paving-pitch filler, 1834 
Cochrane, V. ILi 12L 296, 963 
Code of ethics, 1631 

Coefficients of elasticity for concrete and 

stone, 959 
Coflferdams, 967, 973, ISm 

bracing of, 025 

collaiudng of, 9Z2 

cost of, 929 

flooding of, 979 

freezing process, 977 

leaks in, stopping of, 97fi 

locations for, 9"3 

movable, 97S 

percolation through, 225 

pumping out of, 978 

reinforced-conrrctc, 977 

removable, 090 

seepage through. 975 

selection of tyf)c of, 974. 980 

types of, 973 

waling for, Ql'i 

work, 1869 
Coignet, Francois, IS 
Colby & Christie. 14U 
Colby A Christie's handlKwk, 1431 
Cold-rolled shafting. ^iiZ 
Collapsing of cofferdams, 912 
Collars. 1730 
Collection of data, 1082 
Collingwood. Francis, Gfi2 
Colorado Hivcr Bridge at Austin, Texas, 
1164 

Colossus Bridge, Philadelphia. 20. 

( 'olumbia Iliver Bridge at Trail, 736, 1026 

Column, 

anchorage. 278^ 304-309. 1643, 1644 

batter, 1684 

beam action of, 278 

cast ba-ses for, 340 

conii)ression tests on, '-*ri9 

coutraficxurc, point of, 2^ 



Column, 

details, 1684 
disposition, 277 
feet, filUng of, 1840 

footings, calculation of stresses in, 857 
designing of, 936 

quantities of materials in. 1325, 
1328 

forked ends of, 2S5 
formula;, origin of, 14. 
moments of inertia of, 841 
overturning moment on bases, 304-309 
point of contraflexurc, 224 
reinforced-concrete, 
designing of. 936 

quantities of materials in, 1325, 13S6, 
1327 

spacing, economics of, 1194 
splicing, 33jj 
towers, batter for, 540 
trestles, stresses in, 1659 
unit stresses, 322 
unsupportc<J lengths of, 2fil} 
viaduct, tops of, 339 
Combinations of stresses, 250, 1376, 1668, 
1659 

bending and direct stresses, 2^ 

steel trestles, 25Q 

swing-spans, 1689, 1690 
Combined bridges. .341 

cltusses of, 312 

econonjy in designing. .344 
Commencement of fieldwork, notice of, 
1768 

Commercial influences as affecting layout, 
1213 

Common sense in interpreting specificatiooa, 
1556 

Compacting of soil. 1008 
Comparison of designs, economic, 1182 
Comparison of high and low bridges. 663 
Comparison of pneumatic and open-dredjfing 

processes, 1074 
Compensating trusw^s, r»47 
Compensjition in securities, 1607 
Competition, 29 

for engineering wurk, 1620 

unprofossion.ll. 1601 
Comi)etitivc bids, 4Q 

designs, effects of, 2fs3 

plans. 1626 
Competitors. po<»ling of, 1533, 1534 
Completion of contract, delays in, 1884 

estimates of time for, 1363 

time of, 1875 
Compound interest. 1363, 1364 
ConuKiund webs, 5(X) 
Compression chords, splices in. '^12 
Compression flMngos of plate-girders, pro- 
portioning of, 431 
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romprwwion members, 

distribution of ntetol in, 274. 432 
intensities of working stresses for, 2o9. 31Q 
Vr for, 41M 

proportioning of, 402-505 
thicknesa of web-plates, 1677 
unit stretHes. 322, ii2^ 
Compression and shear in reinforced-concreto 

beams and slabs, 1657 
Compression stresses, Uh 
Compression tests for concrete, QA& 
Compression tests on columns, 2ii2 
Compressive strength of concrete, Q57 
Compromise Standard System of Live Loads 

for Railroad Bridges, 92 
Computation of stresses, concentrated-wheel- 
load method for, 160. Ifil 
Concentrated loads, 

plate-girder spans, shears, moments, and 

reacUon, 414, 416, 41L US 
reinforced-concreto slabs, distribution 
over, S52 

Conoentrated-wheol-load method of stress 
computation, 160. Ml 

Concrete, 

abrasion of, U)21 

application to American bridgework, 28 

base for pa\'ing, 36S 

caissons, advantages of. 1004. IDQa 

camber for bridges, 7J^ 

cinders for. HA 

compression tests for, 24fi 

compressive strength of, 957 

construction, inspection of, 951 

construction work, 946-(t5t't 

continuity of operation in placing, 1865 

cost of cuVmc yard, 1354-1360 

dry surfaces in, 1854 

encasing of metjU, 769 

estimating, 1354-1360 

hand-mixing of, 1854 

heating materials for, 1044 

inspection, 1449 

intensities of working stresses for, 958. 
059 

roim'mum thickness of, 902 

mixuig and placing of. 951. 1043. 1853 

pavement, 370 

paving base, 368, 369 

piers, 

advantages of. IQ'-^^ 

coping of. 1 024 
piles. 1012. 1191, 1856 • 
pmpfjrtions, 1852 

reinforced. See Reinforced concrete, 
application to American bridgework, 
28 

origin of, 12 
removal of forms from, 052 
revetment. lDfi2 



Concrete, 

salt in. 1044 

salt water for, 1044 

sand for, 54^ 55 

shafts, designing of, 1024 

sidewalks, 1836 

specifications for, 1851-1864 

stone, 53 

impurities in, 53 
stresses, working, 958. 959 
testing, 1468 

testing of hardness of, 953 

weights of, 95 

working stresses. 958, 059 
Concreting in freezing weather, 251 
Concreting of arch ribs, 952 
Condenmation of old bridges, 1519 
Conduits and gas pipes for lighting systems, 
184S 

Congress Street Bridge at Troy, N. Y., 

Conjugate pressxurs, 1D32 
Connecting plates, strength of, 
Connecting trestle towers by girders, 538. 
539 

Connection angles, 

floor-beams. 378 

plate-girders, 44 4 - 44 B 

stringers, 376 

wide-legged, 209 
Connection at cantilever arm for transmission 

of wind loads, 611. fil3 
Connections, reaming of, 1783 
Connel Ferry Bridge (Scotland), 603 
Conoid of pressure, 101 1 
Consent of surety. 1885 
Considerations in contracts, 1563, 1564 
Considfre, 18 
CoiLst ruction. 

administration of, 1582 

engineering of. 1466 

facilities as affecting layout, 1216 

joints in reinforced - concrete bridges, 
950 

modus operandi of. 1757 

records, filing of, 1410 

reinforced-concrete bridges, 946-953 

tramwaj-s, 999 
Consulting bridge engineers, 39 
Contingencies, 1349 

allowance for, 1599, 1600 
Continuity of operation in placing concrete, 
1855 

Continuity of stringers, 21Q 
Continuous girders and trusses, 482 

moment coefficients for, 845 

plate-girders, 418, 4HL 444 

spans, 1643 

stresses in, 85Q 

truss bridges, 22 
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Contract, 1657 

abrogation of, 1565 
ogenCa, 1562 

alterations or changes in, 1886 
arbitration in, 1666 
assigning or subletting of, 1566, 1882 
author's form of, 1568, 1569, 1570 
award of, 1881 
bond in, 1566, 1567 
changes in. 1565, 1566 
clause for extra payments in, 1666 
considerations in. 1563, 1564 
corrections in, 1570, 1671 
dating of. 156S, 1567, 1886 
delays in completion of, 1884 
description of parties to, 1560, 1561 
duration of, 1563 
effect of war upon, 1562 
erasures in, 1570 
essential elements of, 1558, 1559 
executed. 1565 

extra payment, clause for, 1666 
forecasting eventtialitics for, 1564 
form of, 1568, 1569, 1570, 1883 
importjince of drafting proper, 1557, 1558 
letting "get cold." 1571 
li(]uidato<l damages in, 1664 
manifolding of. 1571 
opening clauses for. 1559, 1560 
parties to, description of. 1560, 1661 
"passing the dollar" in, 1564 
payment clause of, 1566 
penalties. 1564 
preambles for, 1560, 1662 
promises in. 1563 
scope of. 1869, 1870 
signaturcH to, 1567 

submission to lawyer for final approval, 
1571 

Sunday illegal. 1571 

U. S. Government. 1562 

witnesses to. 1567, 1568 
Contraction and exiiansion, 2IS 
Contriirtor, 1707 

directions to. 1766 

duties defined. 1653 

incom{K>tent, 1615, 1616 

plant. 1616. 1768 

rights, 1616 

risk. 1766 

warnitm, 1616 

work, other. 1766 
Coritrnnexure, ix)int of. in columns, 294 
Controllers, 1703, 1794 

Conversion of a simple span-bri«lge into a 

cantilever stnicture, 1079 
Coor>er. The<Klore, 29^ iiii, 209, 634, Qfi2 
Coping, 1021. l(k')2 

ronrrete piers, 1 024 

quantities for. 1300 



Coping of stringers, 375 
Copper, 5Q 

nickel steel, fiS 
Corbeled arches, origin of, Z 
Cord, Mr.. 12 
Core drilling, 1094 

equipment for, lOM 
Comer brackets, .'^40 
Cornwall, Ontario, Bridge failure. 1544 
Corrections, 

contracts. 1670, 1671 

errors of connections, 1849 

secondary stresses, 1784 

triangulation angles, 1461 
Correspondence, 1388 

field, 1479 

files, 1411 
Corrosion, proWsion for, 25ft 

steel in salt water. Qisfi 
Corrugated bars, 4S 
Corrugated plates, 42 
Corthell, Dr. E. L., 2fi5 
Cost, equivalent total first, 1182 
Cost plus a lump sum, 1682, 1584 
C^st plus a percentage, 1582 
Costs. See also Diagrams and Tables iot 
designing. 

abutments, plain concrete railway, 1199 

alloy steel, 65,66,76,77,8L83,85iaZ 

borings, pa>nng for, 1604 

cofferdams, 979 

draw protection, 779 

driWng piles, IQlfi 

embankments, railway, 1196, 1198 

making borings, 1099 

materials in place, 1354. 1356. 1359, 1360 

nickel steel bridges, 6L M 

power, e<iuipment, movable bridges, 6Sl 

sinking piers, 9H2 

swing spans. 

trestles, 777 

vanadium steel bridges, S5 

wooden trestles, 1197, 1198 
Coulomb, 14 
Coulomb formula, 

Counterl>alancing chains for vertical lift 

bridges, 222 
Counterbracing, 1641, 1642 
Counterforted retaining walls, IQSL 
loads on base slabs of. 1039 
loads on coimterforta of, 1041 
Counterforts, reinforcing of, IQIQ 

spacing of, 1042 
Counters for truss spans, 1683 
Countersinking ties for hook bolts, 366 
Counter sj-stem, excess loads for, 1658 
Counterweight and operating ropes and th^ii 
attachments, 1718, 1789. 1710, 
1791 

Counterweights, 1732, 1792 
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Couplings. 1101. 1719. 17S0 

Court settlement. 1617 
(?over-plates for plate-girder flanges, 
areaa. 426, 42fi 

centres of gravity of flanges. 421 
flange sections, 422-42S 
full-length plates, need for, 428 
lengths, determination of, 440-444 

extra at ends, 440, 443, 444 
rivet he^uis in, undesirabiiity of, i2& 
rivet pitches, 4.17 
weights, 42S 
Cover-platea for truss members, 274. 42& 
compression members thicknesses of. 
1677 

widths of. iSm 
Covers for raachiner>', 1731 
Cowing bascule. Z12 
Cradling of cables, 21 
Crane in machinery house, 1734, 1802 
Creosoted timber, 7 7.5 

block pa\nng, 1806 

piles, 775, IQLi 

weights of 95, 
Cribs, 975, 977 

bracing for, 1043 

rcinforced-concrete, 91A 

timbers, IMii 
Crimping, 232 

stiffening angles, 328, 421. IMS 
Criterion, 

economics of bridge layouts, 1189 

maximum bending moment, 104 

maximum shear, 1(')2. IM 
Critical section for pure shear and diagonal 
tension in beams, positions of. 

Critical speeds, 124. 12fi 

Critical velocity, 1117 

Criticising another engineer's work, 1621 

Cross-dykes. lIMil 

Cross-frames near expansion pockets, 398 

▼iaducts, 3^ 
( >o8»-girders, 

plate-girder spans, 1669, 1672 

truss spans, 1677 
Crossings, right-angled, 1090 
Crown hinge for arch bridge, Q4fi 
Crowning of roadways, 372. 373 
Culverta, 1(M3. 1864 
Curbs, 373^ 314 
Curbs on emlmnkments, 1837 
C'urrent measurements, 1148 
('urrent meters, 1148 
Curvature of channel, 105S 
Curvature of top chords. 480. 1176 
Curvature of track 

adjustment of track for. 1^ 

clearance diagrams for, 142 

effects of, 132 



Curvature of track, 

effects of, 
chords, 1^ 
deck spans, 144 
floor-lx»ams, 141 

equalizing stresses for, 146 

reversion of, 1.33 
Curved approaches, 1091 
Curved flanges of plate-girders, 437 
Curved menil)ers, 212 

top chords. 479, 480, 487, 

trusses. 1071 
Curves, clearances on, 1638 
Curves on approaches, 1212 
Curves, reverse, 1212 

Cushions for wood-block pavements, 368. 

369 

Customs duties, 1766 

Cut spikes, 3fi2 

Cuts, beveled, 328 

Cutting edges. 98L 999. 1Q6Q 

Cutting of pipe, 1100 

Cutting rates, 1606 

Cylinder piers. 102.''i. 1026. 1054. lD5fi 

bracing of, 1026. 1 ().'>■'* 

strengthening of, 1630 

telescoping of, 1026 
Cypress, 52 

D 

Daily lalK>r, limits of. 1756 
Daily records, 1476 
Daily reports, 1486 
Damages, 1766 

liquidated, 1876 
Dams, 974 

freeiing process, 974 
Danger, facing by engineer, 1617, 1618 
Danger from fire, .'i48 
Danube River bridge designs. 1178 
Danulje River timber arch bridge, IQ 
Dapping guard timbers, 304. 

ties. 359, 31K) 
Data, collection of, 1082 

full, 1629 

necessity for obtaining, 27 1 

required for designing bridges, trestles, 
and \'ia(lucts, 1081 
Dating of contract, 1667, 1886 
Day lulx>r methoil, 1582, 1583 
Dead loads, 94, 956, 1376, 1649 

arches, Qfi 

assumptions required in determining, 94, 

checking of, 1377 
distribution of, 94 
extraneous, 94 

unit weights of materials for, 95, 9.^ 
Debris, removal of, 1769 
Decay of foundation piles, 2ID 
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Deck bridges, 

bottom lateral systems for, 4Q4 
effect of track curvatiire on, 144 

sections, 

sway bracing of, IMS, 1643 
Decoration, 1161 

by means of imint. 1177 
Deep foundations, allowable pressures on, 

OfjQ. 966 
Defense of lawsuits, 1667 
Defining contractors' duties, IMS 
Definitions, 

Engineer," 1886 

navngable waters, 1137 

terms, 1882 
Deflecting sheaves, 1716 
Deflections, 22Lr2ia 

continuous beams, 23Q 

defined, 228 

floor-l)cams, bending stresses due to. 206 
graphic method of figuring 243 
provision against excessive. 1674 
reinforced -concrete beams and arches, 842 
straight beam, 228 
swing spans 1692 
trusses, 228 
Deflectometer 122 

Deformation of chords, stresses due to, 206 
Deformation test Hildreth's. 1438, 1439 
Deformed \mn, 

origin of, 28 

woighta of, 790 
Degrees, utilization of, 1616 
Delays, 1886 

Delays in completion of contract, 1884 
Demurrage and cartage, 1766 
Deposit check and forfeiture thereof. 1881 
Depreciation rate of 1617 

formuUe for, 1617, 1618 
Depths 

economic, for plate-girders, 419. 420 
effective, 1640 
foundations, 1867 

plate-girder webs, determination of. 419- 
421 

truss members 494 49a 
trusses. 

economic, 1184 
excessive, 1176 
viaduct girders, 3211 

Derrick car. 34 

Derrick for borings. 1097 

Description, general, 1743 

Designing. iSee also Diagrams and Tables 
for designing, 
arch spans and piers, 940 
anchor bolts, stresses in. 304-.309 
base of retaining walls, 1036. 1038 
base plates, eccentric loads, 304-309 
column footings, 9M 



Designing. 

eccentric loads, 

base plates and shoes, 304-309 

pile groups. Eq. 21 and 26. 3QQ 

rivet groups, 298-301 

stresses in anchor bolts, 304-309 
general limits for, 1661, 1661 
general principles in, 1661, 1666 
I-beam bridges. Sre also Plate-girders. 

general. 46Q 

highway. 463, 464. 1668 
railway, 460-463. 1667 
plate-girder bridges, 460-467. 1666-1671 
general, 4fiO 
highway, 467 

raUway deck, 46L 465. 1668-1671 
railway through. 464-467. 1668-1671 

end detaUs. 464. ^ 
plate-girders. 411-460. 1668-1671 
cover-plate lengths 440-444 
depth of web. 419 420 
end bearings. Sfe Shoes, 
end details. 441-44L i&L 46L 16T0 
flange proportioning. 421-432 

cover-plates, 422-428 

no cover-plates, 42ii-43l 

splices. 42L 422 
lengths of cover-plates. 440 4 44 
moments, 411-419 
reactions, 411-419 
rivet pitches. 432^4 1 

component parts of flanges, 437- 
438 

curved flanges, 437 
inclined flanges. 433-436 
variatiou throughout flange, 438- 
4il 

vertical loads, 436 
shears. 4114419 
shoes. 4.'i2^60 

fox-bolu. 454. 45Z 

masonry plates. 453 

rocker and roller shoes. 455-458 
sise of base. 457 

rocker sliding shoess, 4.S4, 459 

sliding lx*arings on steelwork. 45.S 

sliding cast bases. 4M 

types of, 453 
sUffeners. end, 444-447. 464. 467. 1670 
sUffeners. intermediate, 421. 430. 1670 
web. 419 421 
web-splice, 447-452 

detailed design. 4^Kk:452 

loads on, 447. 4^ 

types of. 447-449 
reinforced-concrete bridges, specificatiooa 
for. 959 

reinforced-concrete columns, 936 
riveted tension members, 29fi 
slabs. 918 
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Designing. 

steel superstructures, specifieationa for, 

1632 
steel trestles. 251 
timber beams, 

bending. 303, 3Qi 
shear. 3(£i 

unit stresses. See Tables for designing, 
wall footingH. 939 

weight of steel superstructures. See 
Weights of steel superstructures. 
Designing Department, 1S89 
Designing for gim-fire contingency, 1077 
Desmond, T. C. lOlQ 
Detail drawings, 1709 

preparation of, 1379, 1380 
Detailing (see also Diagrams and Tables for 
detaUing). 283, 1394 
columns. 1684 
development of, 3Q 
general, 2S1 

I-beams. See Designing, 
importance of. 280, 281 
joints. 518 

open-wcbbed, rivcted-girdcr spans, 1674 
piers, 1007 

pin-connected highway spaiui, 1683 
pin-connected railway spans, 1681 
plate-girder spans. 1668, 1669. 1670, 1671 
pneumatic caissons. 1(X)7 
railway trestles and elevated railroads, 

1683, 1684 
riveted- truss, highway spans. 1680 
riveted-truss. railway spans, 1676 
rolled I-beam spans, 1667, 1668 
trusses, 492, 503 

Details of trusses, percentages of, 1197, 1139, 
1140. 1141 

Details, tests of, 1776 

Deterioration of bridges, 1811 
by rusting, 1517 

Determination of areas of waterways, data 
for. 1109 

Determination of centre line of rib, 863 
Determination of layouts, UIO 
Determination of probabiUty of scour. Sfifi 
Detroit-Superior Bridge, Cleveland. Ohio, 

631. fi32 
Development, 

American bridge engineering, 19 

bridge materials. IQ 

detailing. 3Q 

highway bridge building, 1031 

reinforcing bars. 963 
Diagonal tension, reinforced-concretc, QQl 
Diagonals of trusses, sections for. 1676, 1681 
Diagrams for designing, detailing, and esti- 
mating. 

arch ribs, values of n and r. 640 
centrifugal force from curved track, I3Z 



Diagrams for designing, detailing, and esti- 
mating, 
clearance diagrams, 

tangent, through bridges, 484 
tracks on curves, 147 
columns, points of contraflexure in, 2SA 
costs. iSee also Costs. 

comparison of carbon and nickel steel, 

65, 66, 81^ 86, 81 
concrete, materials for. 1307, 1308 
power equipment, movable bridges, 

railway abutments, 1199 
raflway embankments, 1190, 1196 
trestles, wooden, railway, 1197, 1198 
draw spans, 

percentage of weight of simple span, 
1149 

reactions for balanced loads on rim 
bearing, mi 

reactions for centre bearing, 691 
earth pressures on retaining walls, 1034 
I-beams for railway spans, 4G1 
impact coefficients. 

electric railway bridges, 130 

highway bridges, 131 

railway bridges, 129 
lacing, 28L 288. 289 
loads, 

live, 

end shears, electric railway, 1!}Q. 
end shears, railway. ID4. 
engine diagram, Class 50 loading, 
103 

equivalent uniform, for electric 

railway bridges, 110-116 
equivalent uniform, for railway 

bridges. 105, IQQ 
road rollers and motor-trucks for 

highway bridges, US 
uniformly distributed, for highway 

bridges, 1 17 
wheel loadings, electric railway 

bridges. IQZ 
wheel loadings, railway bridges, 

103 

traction, for railway bridges, Vil 
wind. 

area of railway bridges exposed 

to wind. 1^ 
Duchemin's formula for inclined 

surfaces. 150 
highway and electric railway 

bridges. 154. 
railway bridges. 151 
net sections of riveted tension members, 

295 

plate-girders. 

economic depths, 42Q 
flange sections, i22 
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Diagrams for doffiiminff. Hetailinit, and eiti- 
mating, 
plato-girders, 

net areas of flanRM compoaed of 2L* 

and cox'cr-plattfl, 42ft 
rivet pitches for combined shear and 

direct load, Ml 
shearH throuuhout spans, 413. 415 
points of contrafloxure in braced columns, 

rainfall and run-off throughout U. S., 
1116 

reinforced concrete. 

archee, approximate calculations, 
moment coefficient for live 

loads, 870 
moment of inertia, 841 
point of contraflexuro for nrrh 

shortening and temperature 

stresses. 870 
temperature-stress coefficient G, 

811 

beams, columns, and slabs, design of, 
columns under direct stress only, 
819 

double-reinforced beams. 802-804, 
flexure and direct stress, 822. 827. 

sai 

moment of inertia, 840. 841 

roctaiiRular l)C.'iniH. 797. 708 

slabs and snmll l>eams, 798 

T-beams. 809^ 811 

variable depths, 817 

web rcinforceniont. 8.'V> 
concentrntofl lomls, distribution over 
slabs, S.').'^ 

arr:in»pemcnt of. s.'>4 
continuous girder moment coefficient, 
Mh. 

value of it - Ar» and 2k - aAil + fc*. 

forms, pressure of concrete on, 040 

quantities. See (Quantities, 
retuiniiig walls, (juantities, 

plain, 1319 

reinforced. 1318 
rivets, diagram for number required, 519. 
5211 

skew-Bpan arrangements. 4H."), 487 
superelevation f)f track on curves. 1.'^.'^ 
tension n)ember8, riveted, net sections, 
2115 

timber beams. 303 

trestles, railway 

economic span lengths, U69, 1S70 
maximum loads on tops of pedestals, 
1263 

trusses, 

aection of members, pin-connectod 
spans, fi30 



Diagrams for designing, detailing, and esti- 
mating. 

trusses, 

sections of members, riveted spans. 
400 

weights of steel superstructure. Sec 
Weights of steel superstructures. 
Diameters of pins, 5il 
Diaphragms, 506. 507 

truss members, 498. 506. 507. 531 
Dictation, 16S0 

Dies and punches, sizes of, liSS 
Differences of opinion, 1766 
Dignity of profession, 1607 
Dikes. 1866. 1867, 1868 

spur, 1 05S 

training, lOftO 
Dimensioning for camber, 751 
Dimensions, standard, .332 
Diplomacy in testing, 1470 
Direct-current electric motors, 179S 
Directions to contractor, 1765 
Direct measurements, 14S7 
Direct tension on rivets, 276 
Disc piles. 1012 

Dishonesty, punishment for, 1631 

Disposal of lx>ring outfit. 1107 

" Disputed Points in Railway-Bridge De- 
signing." L>Q. HVL 282 

Distance between central planes of stiffening 
trusses in suspension bridges, f>.Vi 

Distribution of concentrated loads over 
slalw. 8.'i2 

Distribution of metal in compression niem- 
bers. 274 

Dividing line Ijetwcen specifications and 

contracts, 1567 
Dixville, Kentucky. Bridge, 25 
I>ocks for cais.'wins, 994 
Dolphins. ZML I8i 1866 
Dominion Bridge Co., 612 
Don River Lift Bridge at Rostoff, Russia, 

740. 7A1 
Doric order, 1153 

Double-cancellation for lateral systems, 390 
Double-concentration method. 1 70 
Double-intersection triangular truss, 468. 
411 

Double-rotating cantilever draws, 665. 66ft 
Double-shaft piers, walls of. li^ 
Double-track railway bridges, live loads for, 
IDZ 

weights of metal in, 1126, 1226, 1137- 
1248, 1266, 1268, 1269 

Doubling up old spans, 1066, 1528 
Douglas fir, 52^ 776 
Down-spouts, 353. 1835 
Drainage, 

basins, 373 

curb and gutter drains, 312 
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Drainage, 

floor. 352, 372. 313 
gratings. 373 
holes. ITSl 

pavements and roadways, 1836, 18SS 
pivot piers, 697 
rail grooves, 313 
sidewalk. 311 
Drain pipes, .'^52. 313 
Draw bridges. 684, 16M 

double, rotating cantilever. 065, Qfifi 
economic functions of. 1104 
electrical operation of, 679 
gates for, 1068 
horizontal folding, fi&5 
. loads for, 1687. 1688. 1689 
protection. 779 

cost of, 779 

designing of. 779 

omission of, 779 

timlxT crib tj-pe, 780 
pull-back. 666, 6fil 
reactions for centre-bearing. Qftl 
rest piers for, 779 
shear-pole, (ifii 
styles of trusses for, 1686 
trusses. 1691 
Draw for laterals. 3^1 
Drawings. 

accon»pan>'ing, 1768 

checking of, 1382. 1383, 1384. 1S96 

cleaning of, 1387 

contents of. 1381 

detail, 1769 

determination of required drawings, 
1393 

preparation of, 1378. 1380 
filing of. 1386 
laying out of, 1381 
mailing of, 1398 
making of. 1378 
numbering of, 1396 
records of, 1396, 1397 
reinforced-concrete construction, 138S 
shop. 1409 
time-record for, 1408 
titles for, 1381 
working, 1380, 1769 
Dredges. 1*92 

Dredging machine, origin of, 12 
Dressing for ropes, 1791 
Drifting, 1781 

Drifting tests for steel, 1776 
Drilling, 322 

bed-rock. 1103 

core, 1094 

solid. 3M 
Drill pipe, turning of, llOt 
Drill points. 1094 
Drippings, brine, 128 



Drive caps. 1100 

Drive head for borings. 1096. 1101 
Dri\-ing piles. 1014. 1866 

cost of. una 

long piles with water jet, 1017 

through clay. 1016 
Drop hammer. 1014 
Drums, 

operating. 17S6 

rim-bearing swing-spans, 1692 
bearing-blocks, 1694 
designing, 691, ^ 
girders, 1694 
Ductility test fur asphalt, 1818 
Duluth Bridge design, 6fiZ 
Duluth Transporter Bridge. fiI2 
Dumb-bell piers, 102.3. lDii2 
Duh, James. 1111, 1111 
Dun waterway table, 1111, 1112 
Duplication, ItOS 
Durability of piling, I0\'.i 
DurabiUty of plate-girder spans. 4QQ 
DUsseldorff Bridge, 02(1 
Dust-covers, 1731 
Dust guards for rollers, 4iifi 
Duties, customs. 1766 
Duties of. 

bridge engineer to himself, 1631 

bridge engineer to his clients, 16S8 

bridge engineer t<i his contractors, 1630 

bridge engineer to his employees, and 
theirs to him. 1629 

bridge engineer to the profession. 1622 

bridge engineer to the public, 1631 

employees. 1630 
Dykes. See Dikes. 
Dynamiting. 

caissons, 993 

piles. 1015 

pipe. 1098 

E 

Eads Bridge. St. Louis. 25, 2L 620, fi21 

estimate of cost of. 1361-1363 
Earning capacity, reports on, 1674 
Earth, 

dams. 973 

embankments, 1866 

resistance, experiments on, 9fifl 

thrust. 10:U 

weight of. 9fi 
East Dart Bridge, 5 

East Omaha Bridge. SSi 694i tM. 1174 

driving piles for, 1016 

piers. 1027 

righting of, 1073 

protection, 1063 

temporary layout for, 1073 
Ek'centric loads, 

base plates and shoes, 304-309 
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Eccentric loads, 

pile groups, Eqs. 2A and 26, page 2QQ 

rivet groups, 228=301 

stresses in anchor bolts from. 304-309 
Eccentricity at joint, effect of, 205 
Eccentricity of chord pins, effect of, 2Mi 
Eccentricity of track, effect of, 132 
Economic comparisons. 

arches and girders in reinforced-concrete 
construction, 1306 

bascules and veKictU lifts, 1208 

cantilever and susponsioD bridges, 1S06, 
1S07 

designs, 1182 

steel and reinforced-concrete bridges, 1206 
wooden and reinforced-concrete floors, 
1206 

Economic criterion, 1189 

Economic depths, cantilever bridges, 58& 

plate-girder webs, 419, 420 

stiffening trusses. Goo 
Economic lengths, 

anchor-arms, 1199 

anchor-spans, 1200 

panels, 1187 

reinforced-concrete trestles, 1191 

spans, 1187 

suspended span, 1198 
Economic questions, minor, 1192 
Economic span lengths, 

reinforced-concrete trestles, 1827 

steel railway trestles, 1259 
Economics, 

alloy steels in bridge work, 79^^ 8Q 

approaches to bridges, 1193 

arches. 630, 1191 

as affecting layout, 1217 

bridge repairs, 1626 

cable ri?«e, fiofi 

cantilever bridges. 1198 

cantilevers, 570, 5H0. 581^ 585, 521 

column spacing, 1194 

elevated niilroads. 1189 

erection considerations, 1201, 1204 

half-through plate-girder spans. 41Q 

I-beam spans, railway, 410 

medium steel. 1200 

movable spans. 1208 

plate girders, 1184, 1186 

plate-girder spans, railway, 409. 410 

reinforced-concrete benta for steel trestles, 
1206 

reinforred-concrete bridges, 1189 
silicon steel, S9 

simple trusses and cantilevejs compared, 
1200 

standard and least expensive sections, 
1201 

superstructure design. 1182 
swing spans and bascules, 1208 



Economics, 

swings and vertical lifts, 1208 
trestles, 1189 

tnisses with parallel chords. 1183 
trusses with polygonal top chords, 1184 
vanadium steel bridges, 86 
Economy in bridge design, 269. 1182 
Economy in designing combined bridges, 
344 

Economy, study of ltt9 
Eddies, 1061 

Edge distance of reinforcing bars, minimnm, 
afi2 

Edges, sheared, 1780 
Effective bearing areas, 1668 
Effective depths, 1640 
Effective lengths, 1639 

reinforced-concrete structures, 960 
Efficiency, functional. 1162 
Efficiency of two-angle sections, 293 
Egyptian bridges, Q 

Ejection of fine material from caissons, Sdd 
Elastic areh, 11 
theory of, 15 
Elastic limit, 265 

Elasticity (coefficients oQ for concrete and 
stone, 959 

Electric, 

brakes, 1705 
cables, 1795 

furnace at South Chicago, Illinois, ZZ 
Worcester, Massachusetts, 72 

lights, 1177 

motors. 1702, 1703 

alternating-current, 1793, 1794 
direct-current, 1793 

operation, movable bridges, 1702-1708 

power wiring and electric cables. 1796 

process for steel, 7fi 

steel rails, IZ 

steel, status of. 28 
EUectric railway bridges, live loads for. liE 
Electric railway tracks, superelevation for. 

m 

Elect rio railway trestles, weights of metal in, 
1269 

Electric siren, 1801 

Electrical equipment 1792 

Electrical operation of draw bridges, 679 

Electro-metallurgical process of manufactur- 
ing steel, Z2 

Elevated railroads. 548-567. 1686 
anchorages for, 551 
columns, tj-pes of, 552 
crim|>ing of web stiffening-angles for. 5^ 
aepths of girders for, '>.'>h 
details of, 560-563, 1683, 1684 
distance between expansion points io, 
552 

economic span lengths of, 551. 567 
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EIevat«l milroadfl, 
economics of, 1189 
elevators for, M9 
escalators for, 549 
expansion girders for, 563 
expansion pocketa for, 505. 56ft 
faults in existing, 55.'^557 
floors for, 550. 5fi2 
girders, types of, 552 
latest improvements in. 55fi 
layouts for, 1S7S 
live loads for, 55Q 
locations of platforms on, 549 
paper on by author, 54ft 
pedestal caps for, 551 
pedestals for, 562 
rapid transit on, 548 
stations for, 54Q 

superelevation on cur\'e8 in, 552 

tracks for, 557. 558 

weights of metal in, 559. 505 
Elevations, 1471 

tops of pier bases, 1051 
Elevator, hydraulic, 922 
Elevators for elevated railroads, 549 
Ellet. Charles. 21 

Ellipse of elasticity, method of jirc-h design, 
tifia 

EHliptical ribs for reinforce<l-concrete arches, 

822 

Embankments, earth, 1866 

pavement and curbs on. 1837 
Emphasizing functions of parts of structures, 
1164 

Employees, 

duties of. 1630 

insurance of, 1609 

retaining of, 1609 

selection of, 1608 

treatment of, 1607 
Encasing of metal in concrete, 7fi9 
Encasing pile heads, 908 
Encountering obstacles, 1860 
End bearings. See Shoes. 
End bracing frames, 394 
End cross-frames in \'iaducts, 
End details, plate-girder spans. 444-447, 464, 
407. 1670 

connection angles, end, 444-446 
setting to exact position, 444 

stifTeners over Ix'arings, 440. 447. 1670 

through railway spans, 404. 407 
End floor-beams. 293^ 1641. 1642 

connections, 300. 
End lifts for swing-spans, 695, 1717 

machinery for, 1724 
End post, 

bending on, 1660 

sections for. 492, 498, 1676, 1681 

vertical. 48L 486 



End shears. 

diagrams for, 104. 109, 165 

plate-girders, calculation of, 412. 414. 416 
Endorsement of assistants, 1627 
Engine service, 1764 
Engineer, definition of, 1886 
Engineering, 

contracts, 1667 

ethics, 1619 

fees on bridgework, 1601 
Engineering of construction, 1466 
" Engineering Specifications and Contracts," 
1667 

Engineer's field office, 1768 
Engines, gasoline. 1708, 1802 
Enlargement, future, as affecting layout, 
1216 

Enlarging pier bases, 971 
Ensink, J., 634 
Entering connections. 335 
Equalizers, 693^ 1719 

levers and pins, 1792 
Equalizing stresses due to curvature, 14Q 
Equilibrium of soils, lillQ 
Etiuipment, 

core drilling, 1098 

erection, 1607 

field enirineer, 1488, 1489 

machiner>', 1708 

power, 1702-1708 

wash lx>rings, 1094 
Equity, 1689 

Equivalent total first cost, 1182 
Equivalent uniform live loads, 

diagrams for, 105. 106^ 111-116. Ififi 

floor-beams, 1(>H 

stress computation. 164. 165 

stringers, 166 

trusses, 168 
Erasures in contracts, 1670 
Erection, 

affecting economics, 1204 

arches^ 018 

barges for, 1849 

cantilever method of. 3L 1603, 1604 
City Waterway Bridge at Tacoma, 1076 
considerations as affecting layout, 1216 
designing for, 334 
economics in, 1201 
equipment, 1607 
evolution of methods. 31 
expenses, 1366. 1366 
falsework, 1601 

floatation method, 34. 1603, 1610 

floating barges for, 1076 

floor system, 330. 3.35 

gallows frames for, 1612 

launching, 1606 

methods of, 1601 

organization for, 1606, 1607 
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KitMrtion, 

rolling lift bridgea. 335 
shelves, 330 
specifications for, 1741 
starting of, 33^ 
steel. 1848 

suspension bridges, 1606 
Ericson, John, 710 
Erosion of banks, 1059 

effect of wave action on, 1059 
Errors, 

connections, correction of, 1849 
final position of piers, allowance for, 9fi7 
limits of, in structural steel, 1784 
Escalators for elevated railroads, 549 
Essential elements of contracts, 1558, 
1559 

Essential elements of plate-girders, 411 
Estimates (ae« al.so Diagrams and Tables for 
estimating), 1348 

caution concerning, 1369 

checking of, 1361 

engineer of a bridge manufacturing com- 
pany, 1364, 1365 
final. 1483 
guaranteeing, 1624 

kinds made by consulting bridge en- 
gineers, 1S6S 
liberality in, 1360 
list of expenses for preparing, 1349 
monthly, 1479-1483. 1489 
railway profiles, as basis. 1361 
re<iuisitc9 for preparing. 1348 
time for completion, 1363 
weights of metal, 219 
Ethics, 

bridge engineering, 1619, 1611, 1622 
code of, 1631 
Ethiopian bridges, U 
Etruscan bridges, Z ' 
Etude Economiqxie. de VEmidoi de L'Acier 
au Carhone d (irande RftnaUince 
jMur la Construction des Fonts, 
13 

Eulvra Bridge, li 
Eulor's fnrimila, 14j 258 
Euphrates River Hridge, 9 
European and Anioriran prartiro compared, 
1181 

Evidence of oxi>orionc'e, 1878 
Evolution, 

American l>ridgo designing, 22 

bridge engineering, 1 

erection, 31 

materials for briflges, lH 
Examination of bridges. 1514 
Exain|)les of appliration of curves of bridge 

weight^s, 1292 
Excavation, 1869 

caissons and piers, 1000. 1001 



Excavation, 
cost of, 1354 
inspection of, 1448 
Excluder pigment, Tfi/S 
Expansion. 275^ 1067, 1644 
joints, 210, 211. 324 

clearance at. 332. 45Q 
concrete structures. 212 
gap bar for rails, 3.'>fi 
girders in reinforced-concrete bridges, 
231 

lateral system, 1067 
pa\'ing, 368, 370. 1832 
plates for floors, 374. 1836 
pockets, 546. 1685 

floor-beams, 377, 3Za 
retaining walls, 1037 
trestles, location of, 532 
rollers for truss spans, 1679 
Expedients, definition of, 1065 
Expedients in designing and constructioii, 

1065 
Expense items, 

bridge project. 1349 
erection, 1365, 1366 

estimates of an engineer of a bridge 
manufacturing company, 1364, 
1365 

substructure construction, 1366, 1867 
Experience, exadence of, 1878 
Experiments on earth resistance, flfifi 
Expert bridge engineer, 32 
Expert services, 1627 
Exfiert testimony, 1624 
Extension plates, tables for, 310 
Extensonieter, 122 
Extra cost of wide plates, 322 
Extras, 1565 
Eye-bars, 1785 

heads. 1683 

Mayari stool. ZQ 

nickel steol. 6L 23 

tests of, 1775 

F 

Face walls of retaining walls, designing of, 

1037 

Faces, plastering (rf, 1IM4 
Farilitios for stf)rage, 1763 
Factor of safety for piles, 1(110 
Failures of bridges. 37, 1539-1547 

highway bridges, 1547 
Fairbairn. William. IZ 
Falling span, shock of, 1077 
False lx»ttoms for caissons, 994 
False Creek, Vancouver, bridges, girders 

and floors for, 1205 
False fvidenc<\ 1628 
Falsework, 1501, 1769 
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FaUework, 

carrying traina, 1849 
co8t of, 1S59 
pilos, 160S 

rcinforced-concret« bridges, 946 

washout of. ISOl 
Falsifying reports, ISM 
Fabitiea. IIM 
Falsity in detailing, IIGO 
Fanning of tracks, 5.'<7 
Fanning's formula, HIS 
Fascines, IDfiD 

ceUular, Hlfil 

fdnk, Um 
Fatigue of metal, 255. 

Faults in existing elevated railroads. 55.V557 
Favoritism in specifications, 1M4 
Fees. 1601 

determination of in advance, IftSS 

inspecting bridges, 1619, 1610 

per diem, 1604 

promotion. 1607 
Felt. ^ 3M 
Fender piles, 780, IS2 

Ferro-nickel, use of in making nickel steel, fiS 
Field-glasses, 1461 
Field riveting, 276, 1781 
Fieldwork, 323 

correspondence, 1479 

equipment for resident engineer. 1488, 
1489 

inspection, author's methods of. 1446, 

1446, 1447 
inspection of materials. 1467 
instructions for, 1476 
notes. 1478 

notice of commencement of. 1768 

office of resident engineer, 1768 

records, 1476. 1476 

reports, 1476, 1476 
Fifteenth Street Bridge over the Blue River 

at Kansas City, M2 
Fijeenord Bridge, 7()0 
Files. 1407 

calculations, 1408 

catalogues, 1411 

checking prints. 1410 

construction records, 1410 

correspondence. 1411 

drawings and other papers. 1386 

shop drawings, 1408, 1411 

tracings, 1396, 1409, 1410 
Filler, 

asphalt. 1836 

asphalt pavement. 1818 

coal tar. 1834 

pitch and stone, 368 

sand, Sm^ 

Fillers under ends of stringers, 302. 3Zfi 
Filling, back-. 1864 



Filling caisson. 995 

column feet. 1840 

wells. 9m 
Final estimates, 148S 
Final inspection, 1764 
Final quantities, record of, 1488 
Finish of reinforced-concrete work, 953 
Finish of rolled steel, 1776 
Finished concrete, care of, 952 
Finished design, checking of, 
Finishing ooat of paint, IM 
Fink. Albert. 23, 411 
Pink tru«. 24, 468, iZ2 
Finley, James. 21 
Fir. Douglas. 52 
Fire, danger from. 348. 1108 

protection from. 1844-1848 
Firat-class m:isonry, 1861 
First cost, 

equivalent total, 1181 

minimum, 1181 
First principles of designing, 267 
Firth of Forth Bridge, 593» 594 
Fisher. S. B., Z25 
Fitness, inherent sense of, 26& 
Fitting of stiffeners, 3^ 
Flange couplings, 1780 
Flange sections for stringers, 32& 
Flanges of cantilever beams, 380-382 
Flanges of channels, turned in, 23d 
Flanges of plate-girders, 421-444 

areas, 423-426. 429. 43Q 
calculation of, 432 

centres of gravity, 424, 42Z 

oover-plate lengths, 440-444 

make-up of sections, 422-430 
cover-plates, 422=428 
no cover-plates, 428. 43Q 

rivet pitches, 4.'^2^l 

section, determination of, 432 

8pli(%8. 421 

unsupported lengths. 431. 422 
Flaring sides of caissons. UXLI 
Flash test for asphalt, 1810 
Flats, iZ 
Fleming. R.. 304 

Floatation method of erection, 34i 1603, 1610 
Floating bridges, 674. 6Z5 

swing span, 684. 1078 
Flooding of cofferdams, 979 
Floods, magnitude of. 1110 
Floor-beams, 

bending stresses due to deflection of, 206 
* brackets. 378, 379, 380, 325 

connections, 378 

deck spans, 493 

effects of track curvature on. 141 
end. 293, 354, 1641, 16tt 
equivalent live loads for, 
expansion pockets, 377-378 
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Floor-beama, 

fillers for stringers, 376 

shelf angles, 312 

skew spaas, 4So-488 
Floor systems, 

arrangements for various traffic, 3SA 

olofiaes of, 346 

design of, 375 

erection of, 330, 33^ 

floor-beams, 376, 32Z 

highway, steel stringers for, 365 

open deck construction, 354 

protection against brine drippings, 348 

reinforced-concrete bridges, 243 

skew spans. 354 

solid deck, for truss spans, 354 

stringers, 375. 3Zfi 

trough, 349 

vertical curvas, 556, 574 
wooden bridges, 773 
Floors, 34fi 

baUastcd, 347-350. 775. 1634 
advantages of, 34L 34& 
compared with other typos of thin 

floors, 34a 
timber flooring, 348. 349^ 350 
track elevation, 348 
versus open deck for railway bridges, 
342 

bascule bridges, 3fifi 
basins for, 373 
breaking of, 374 
brick pavements, 370 
buckled plate, 370, 322 
cantilcvering of, 4S,3 
comparison of, 343 

countersinking ties for hook bolts, 3fi& 

curbs. 373. 374. 

drainage of. 352, 353, 372, 323 

expansion plates, 374. 1836 

fillers, sand and pitch, 3('>8 

fireproofing of railway, 347, 34S 

gratings for, Ji73 

highway bridges, 364-3GS. 1634, 1636 
nailing shims, 366 
noiseless, 34S 

open deck construction, 347, 348, 334. 

shallow floors, 353, 
paved, 1636 
pa\nng bases, 36S-37Q 
pitch, 3fifi 
plank, 365 

bases. 3fi9 
railway bridges. 346-364. 1633 
reinforced-concrcte. 350. 35 1 . 370 
shallow, 348 -.351. 353. 354. 493 
sidewalks, 372. 1836 
solid deck construction, 340-.351 
stone block pavements, 370 
timber, 365, afiS. 1633-1635 



Floors, 

track elevation. 34R-351 
treated timber. 3fifi 
trough, 34a 

waterproofing, 351, 352. afifi 
wearing surface, 
plank floors, 20fi 
wood-block pavement, 368 
wood-block pavement, 366-368 
on grades, 36S 
Fluxes for asphalt, 1810 
Flj-ing Pendant Lever Bridge, 2Q 
Folding bridges. 668, fi69 
" Footballs," 16«7 
Footings, 
columns, 

calculation of stresses in. 857-861 
design of, 938, ^33 
quantities of materiab ic, 13S6, 1328 
pedestal, U12St 

reinforced-concrete trestles, depths of, 
13S4 

spread, 1JQ28 

square columns, &3Q 

wall, 832 

calculation of stresses in, 861, 8fi2 
design of, 939. 
Force of character, 1616 
Foreign work, 1683 
Foresights, 1464. 1466 
Forfeiture of deposit check, 1881 
Forged shafting, 337 
Forgings, 1202, 1777 
Forked ends, 1682 

columns, 2Sa 

tables for intensities, 310. 323 
Form of contract, 1883 
Form of proposal, 1880 
Formation, geological, 1093 
Forms, 1769 

cost of, 1359 

reinforced-concrete bridges, 947, 94& 

removal of, 952 
Forms of trusses for highway bridges, 1614 
Forms of trusses for railway bridges. 1640 
Formuhe for truss weights, 1181 
Fort Leavenworth Bridge repairs, 1631 
Fort Smith- Van Buren Lift Bridge, 228 
Forth Bridge, 574^ 1726 
Foundation considerations as affecting lay- 
out, 1216 
Foundations, 964 

blasting of, 983 

depths of, 1857 

important buildings in the City of Mexico, 

970. 921 
inspection of, 1448 
pedestals, pressures on, 
piles. 969, 1860 
decay of, 970 
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Foundatioitfi, 

teflting of, 1818 
Founding of pneumatic caissons, dZl 
Founding piers on a thin cnist, 970 
Four-angle flanges of plate-girders, 437 
Four moments, theorem of, 21^ 
Fowler, Charles Evan. 6^ filQ 
Fox-bolts, 453. 45L 1786 
Fox, Herman IL. IM^ 1387 
Fox, S. Waters. lf)nO 
Fracture of steel, 1775 
Framed trestles. 773. 215 

bracing of, 775 

limiting heights of, 773 
Framing of caisson timber, 989 
Frankness, 1629 
Fraaer River Arch Bridge, 1170 
Fraser River (B. C). bridges, 577, 578, 029. 
635 

Fraser River Bridge, New Westnunstcr, B. C. 

erection by floatation, 1503 

foundations. 9S3 

piles for. mi 

triangulation. 1463, 1464 
Fratt Bridge, Kansas City, 31^ 344. 723, Z24 

chord sections of, 495^ 496. iiiH 

description of, 72& 

illustration of, Z2I 

rocker shoes for, 545 

secondary stresses in, ISS 

shoes for, 532 
FraU, F. W., 724^ 

Free Bridge. St. Louis, 25. 26. 59. Ql 

nickel steel for, lil 
P^reedom from obstruction. 1090 
Freezing of dams, 974 
Freezing of mortar, IQM 
Freezing process, 212 

for cofferdams, 977 
Freezing weather, concreting in, 951 

laying masonry during, 1864 
Freight, routing of. 1755 
French, A. W., Z22 

French scientists, characteristics of, 73 
Frequency of application of stresses, 2Z& 
Friction clutches, 1730 
Friction, sliding, U)li2 
Full-sized eye-bars, tests of, 1775 
Full-sized members, tests of. 1776 
Functions of parts of structures emphasized. 
1154 

Functions of the inspecting engineer. 1415 
Funicular polygon. 649 

Furnishing of materials by Purchaser, 1752 
Future enlargement as affecting layout, 1215 
Future of bridge building, 35 

G 

Galileo's law, 
Gallows-frames, 1512 



Gap-bar for rails, .l^fi 
Garabit viaduct (France), 626 
Gasconade River Bridge failure, 1641 
Gas fixtures, 1177 
GasoUne engines, 1802 

borings, 1106 

movable span, 1708 
Gas-pipe ruiiing, 383 
Gas pipes for lighting systems, 1842 
Gastmeyer, Llii 
Gates, 1734 

draw spans, 1068 

movable bridges, 677. 028 
Gate-tender's house, 1734 
Gauge, 355 

angles, 333 

indicator, 1735 

permissible variation in, 1779 

widening of track gauge on curves, 355 
Gears, 1727 

design of, 1710 

pitch diameters for, 314-321 

pitch, diametral vs. circular, 337 
General clauses in specifications, 1549, 1560 
General description, 1743 
General limits in designing. 1661, 1662 
General principles in designing, 1662-1665 
"General Specifications for Highway Bridges 

of Iron and Steel." 1187 
Geographical conditions affectiag layout^ 
1213 

Geological formation, 1093 
"Getting cold," 1571 
Gift stock, 1600 
Girders, 

continuous, 482 

depths in viaducts, 329. 

drums of swing spans, 1694 

flanges, centres of gravity of, 42Z 

plate. Set Plate-girders. 

reinforced-concreto, depths of, 1324 

round-ended, 3^i3 

spacing of, 1637 

square-ended, 333 

towers. 338, 333 
Glacial drift. 1093 
Glasgow Bridge. 2^ 
Glossar>' of terms. 1892-2115 
Goheen carbonizing coating, 771 
Goldbeck, A. T., 852, 857 
Golden Horn Bridge. QIZ 
Goodrich. E. P.. 784, miQ 
Gooseneck. 999 
Gordon, Lewis, 14 
Ciordon-Rankine formula, IS 
Gordon's formula, 14, 252 
Goss. Prof. W. V. M.. 226 
Gothic arches, U 
Government contracts. 156S 

excessive cost of, 1868 



Ixx 



INDEX 



Government requirements fts affecting layout, 

mo 

Grace. 1151, IISS 

*Grade and alignment, 1S18 

Grades, 

changes in, 356^ 374. 1748 

highway structures, 324 

pavements on, 368. 370 

sags, 1091 
Gradient, 1765 
Grading of banks. 1059 
GrafT, C. F., 1684 

method of bidding on work, 1684, 1686 
Granitoid, 1866 

sidewalks, 1836 
Graphics, IM. 

determination of stresses, U7T 

figuring deflections, 2411 

progress records, 1489 

stress computation, liiS 
Graphite paints, Zfi2 , 

pigment, 7fifi 
Grass-hopper locomotive, 34 
Gratings for floors, 3Z3 
Gratis information, 16S1 
Gravel, M 

spedfications for, 1861 
Gravity axes, intersection of, 2i3 
Gravity lines, meeting of, 401 
Great Bridge, Boston, 12 
Great Northern Railroad Vertical Lift Bridges 
over the Missouri and Yellow- 
stone, 737, 238 
Great wall arches, 9 
Greek bridges, 5 
Greek temples, 1168 
Griest. Maurice, 562, 501 
Griffith, J. li^ 1010 
Grillages, 968, lii53 

plate-girder spans, 45fl 
Grimm. C. R., 178, 188^ 216, 633 
Grips for rivets, 333 
Grooves, drainage of for rails, 373 
Grounds, 1797 

Grout filler for brick paving, 1888 
Grouting foundations by pneumatic pros- 
sure, 1066 
Grouting, injection of, QZl 
Grouting of shoes, 459. IfiQ 
Growth of steel, 332 
Groynes, 1 0">8 
Grubenmann, 12 
Guaranteeing, 

estimates, 1684 

faithfulness, 16S6 

mechanical operation, 1614 

paint, 711 

pavement, 1816, 1839 
securities, 1699 
Guards, 1633, 1634 



Guards, 

dapping of, 364 
machinery. 1781 
raiU, 356i 363, 364 
timbers, 363 
trestles, 774 
Gudmundsson, G., 596 
Guides for vertical-lift spans, 17IS 
Gim-fire contingency, designing for, 1077 
Gim, pneumatic. 1023 
Gusset plates, 49L 50L 518-.529 

bottom chord joint, Fratt bridge. 526. 522 
O. W. R.R. ± N. Co.'s bridge, 526, 521 
designing, 519. 522 

bending and direct stresses, 520-^22 
crushing, 519, 52Q 
example of hip joint, 522-526 
shear. 520 

tearing out, 519. 52Q 
top chord of Fratt bridge, 526. 
GjTation, radii of, 504 
Gyratory lift bridges, 669 

H 

H-sections, 48 
Hadfield, Sir Robert, 6L 90 
Half-dapping for camber. 752 
Half pin-holes, 335 

Half-through plate-girder spans, economics 
of, 410 

Halsted Street Lift Bridge, Chicago. 718-720 
Hamilton Arch Bridge, New Zealand, 627. 

629. 638 
Hand-brakes. 1704 
Handling office work, 1387 
Hand-niixing of concrete. 1864 
Hand-operation. 1701 

levers. 1731 

machinery. 1789 
Handrails. 332. 382, 383, 1636 

aligning of, 384 

connections, field, 384 

flaring ends, 1177 

ga^pipe, 383 

height* of, 382, 3S3 

ornamental, 1177 
. reinforced-concrete bridges, 945 

steel, 1786 

structural, 383, 384 

timber. 383 
Hand riveting. 329 

Hangers of trusses, sections for, 494. 495. 1676 

Hanging of caisson, 996 

Rardesty. Shortridge, 638, 783 

Hardness of concrete, testing of, 9o3 

Harlem River Arch, 643 

H.armony, 1164, 1166 

Harpoon, 1 1)62 

Harriman System Lift Bridge at Portland. 
Oregon, 728. 730, 732» 733 
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HarrinKton, John I^yle, 09. 724, 157S 
Haupt, Herman, 15 

Havana Harbor Bridge, proposed. 612. IIM 
design, 1076 

nickel steel for, fiQ k 
triangulation sy'stem for, IM^^IMS 
Hawks, A. McL., 1077 

Hawthorne Avenue Lift Bridge, Portland, 

Oregon, 724, Z25 
Hay steel, 57 

Headway requirements of War Department, 
1143 

Head-Wrightaon Co., fiZfl 

Hearings by Army Engineers, 114S 

Heating materials for concrete, 1(>44 

Heating of top chords, '-^1'-^ 

Heat-treated vanadium steel, 84 

Heavy Locomotive Ix>ading8 by Irwin, 104 

HeU Gate Arch bridge, 27. 28. 31. 600. Q2&=fi2Z 

Hennebique, Lii 

Hevia, Horacio, lli7 

High-alloy stcol rivets, 84 

High and low bridges, comparison of, fifi3 

High hanks, 1090 

High steel. 45, 

Highway bridges, 

arch rilw. &Li 

clearances, 1639 

design of iron. 53Q 

failures, 1647 

floors. K 1068, 1634, 16SS 

grades on. 374 
intensities for, 25Z 
iron, design of, 53Q 
laterals for, 4Dfi 
live loads, 108, 117, 954, 1W7 
main members of, 164S 
number of trusses for, 483 
pin-connected, 1663 
plate-girder spans, 1671-1673 
reinforced concrete, 1836, 1637 
riveted-truss, 1680 
status of building, 163S 
styles of, 1640 
trestles, 1644 
trusses, forms of. 1641 
viaducts, 1666 
wind loads for, 1646, 17St 
"Highwaymen," stories concerning, 1633, 
1634 

Hildreth & Co., 1412, 1620 
deformation test, 1438, 1439 
instructions to inspectors, 1426-1429, 
1437. 1438, 1440-1442 

Hilton, Charles, 251 
Hindoo cantilever bridges, Z 
Hinge at crown for arch bridge, Qili 
Hinge plates, 'M5 
Uingeless arches. 620, 621. &3fi 
temperature stresses in, 212 



Hinges for arched 19 

Hinging of pedestab, 539 

Hinging of reinforced-ooncrete arches, 941 

Hip joint, designing of, 523, 52& 

History. 1-.15 

bascule bridges, 700 

highway bridge building, 1632, 1633 

impact determination, 120 

live loads, 98 

movable bridges, 6fi3 

reinforced-concrete bridges, Z83 
Hodge, Henry W.. 59^ 64i 91-93. 100. 102. 
643. 660. 1068 

highway floor, 1068 
Hodgkinson. Eaton. 14-17 

formula for long columns. lA 
Hoisting of suspended span of Havana Har« 

bor Bridge. 1077 
Holes for rivets, 1781 
Hollow piers, 1024 
Homer, 11 

Hoods for sheaves, 1721 

Hoogly River Bridge, India. 675. fiZfi 

Hooke's law, 14 

Hool's *' Reinforced Concrete Construction," 
8fi3 

Horizontal folding dmws, 665 
Horton, Horace E., 1066 
Houses, 1840, 1841 

gate-tender, 1734 

machinery, 1733 

operator, 1734 
Howard, E. E., H4S. 865 
Howe. Prof. Malverd A., 617 
Howe. WUliam, 15, 2Q 
Howe truss, 19, 20, 468, 472, 772 
HubbeU. Clarence W., 1613 
Hubs, 1468, 1469 
Hudson, C. W., 22L 231, 238 
Hudson Memorifil Bridge design, 1179 
Hurat>s in track, 1212 
Hunt (Robert W.) & Co., 1412, 1429, 1443 

instructions to inspectors, 1429, 1430 
Hyatt, 28 
Hybrid truss, 482 
Hybrid truss bridges, 42 
Hydraulic buffers for vertical lift bridges, 723 
Hydraulic elevator. 922 
Hydrographic map and profile, 1149 
Hydrographic surv'eys for the bridging of 

navigable waters, 1147 
Hydrographical survey. 1091 

I 

I-beams, 41 
bridges, 403 

comparison with plate-girders, 410 
designing and detailing. See also De- 
signing of plate-girders, 
general, 4(iQ 
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I-ljeams, 

designing and detailing, 

highway, 463, 464. 1W« 

railway, 460-463. 1667 
milling ends of, 221 
sections, 

American standard, 460 

Bethlehem special, 4Sil 
spans, 

details of design for, 1667. 1668 
economics of, 410 
stifTeners in, 201 
weights of metal in, ISiO 
I-sections of truss members, 493-495 
Ibsen. H., 16M 
Ice breaks, IQ24 
Ice protection, 1Q53 
Identification of metal. 1771 
Imitations, 1166 
Impact, 2^ 

ballasted floor, effect of, 125 
dead loads of moving spans, 131 
determination, history of, 120 
formulffi, 124, 125 

dUgrams, 125, 12L 
Schneider's, L2Q 
WaddeU's, 12L 122, 12& 
loads, 120^ 129-131. 1648 
piers. QM. 

effect of. 12a 
proposed tests for, 121 
reinforced-concrete bridges, 955 
slow siKJcd, 123 
stresses, 1376 
stringers, I2Q 
tests, 1618 

American Railway Engineering As- 
sociation, 123. 
author's, 122. 123 
web members, l'2fi 
Incendiary work on bridges, 1305 
Inclined end jxists, l)ending on, 1660 
Inclined flanges of plate-girders, rivet pitches 

in. 433-436 
Inclined surfaces, wind pressure on, 15Q 
Incomplete clauses in specifications, 1741 
Indemnifiration against liability, 1886 
Indetcnuinato stresses. 178, 213, 223 
analysis of. 213^ 214 
avoidance of, 217. 22fl 
Index. 1407 

Chapter LXXVIII. 1785 
C hapter LXIX. 1887 
tracing file. 1410 
Indian Engineering. 281. 1187 
Indiiinapolis bridge on Capitol Avenue, 1169 
Indicator. 1789 
Ijoat. 1736 
lights, 1706 

lights for span oi^eration, 1801 



Indicator, 

mechanical, 1706 
Indirect wind load, 1659 
Influence lines. IIU 
Information furnished gratis, 1611 
Ingratitude. 1618 
Injecting grouting, 971 
Injury to metal by seepage. Z69 
Ink, 1387 
Inking, 1394 
Inspection, 

field, 

author's methods of, 1445-1457 
caissons, 1449 

cement and concrete. 951. 1449, 14M 
cement at manufactory. 1470 
excavation, 1448 
final. 1764 
foundations, 1448 
masonry. 1451, 1453 
materials elsewhere than at site, 1469 
materials in field, 1467 
materials other than metal, 1764 
painting. 1447, 1448 
piling and trestlework. 1450 
timber, flooring, and handrails, 1400, 
1453, 1469 
general, 1763 

betterment of, 1414 
demoralization of. 1413, 1414 
importance of good. 1411, 1455 
inauguration of. 2Q 
methods of payment for. 1416 
proper price for, 1439, 1440, 1609 
quality of. 1411, 1416 
reasons for, 1415 
responsibility for bad. 1413 
strictness of. 1764 
shop work and mill work. 1419, 1411 
functions of the inspecting engineer, 

1415 
instructions for. 

author's. 1417-1419 

HUdreth. 1415-1419, 1437, 1438, 
1440-1441 

Long. 1419-1414 

Robert W. Hunt A Co.. 1419. 
1410 

Structural Steel Work, by Schnei- 
der and Colby. 1431-1436 
list of final questions, 1418 
metal. 1763 

Bteel rails. 1440-1441, 1447 

stock material. 1437 
Installation of machinery, 1803 
Installment, annual, required to produce one 

doUar, 1516 
Instructions 

boring parties, 1100 
field engineers, 1476 
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Instructiona. 

inspertinjc bridges. 1520, 1521 
inspectors, 

author's. 1417-1419. 144^-1447 
Uildreth. 1425-1429. 1437, 1438. 1440- 
1422 

Robert W. Hunt & Co., 1429, 1430 

Long'8. 1419. 1424 
Instrumental work in field, 1768 
Insulation of rail^, .356 
Insurance of employees, 1603 
Insurance of records, 1603 
Integrity of bid. 1881 

Intensities of workinK stresses, 120. 255. 261. 
1654-1666 
*^mpression members, 259. 210. 
concrete. 958, 253 
diversities in, 20D 
highway bridges, 2S1 
nickel steel, 2G2, 1655. 1666 
railroad bridges, 2aZ 
reinforced-concrete. 264. 957-959 
reversing stresses, 2Q5 
steel, 251 

substructure materials, 263 
timber, 263x 265, 1656 
wind loads, 202 
wrought iron, 251 
Intercity Viaduct of Kansas City, piles for, 

Interest, conjjxjund. 1363, 1364 
Interference, 1630 

bridge specialist, 42 
Interlocking apparatus. 1802 
Intemicdiate columns in trestle piers, 541 
Intermediate hinges in stiffening trusses, 655 
Intermediate trusses for cantilever bridges, 

!m 

Internal combustion motors, 1708 
International and Great Northern Railway 

of Texas, bridges on, 122 
International Engineering Congress, 57, S6 
International Nickel Company, 58 
Interproviucial Bridge at Ottawa, Canada, 

tm 

Intersection of graWty axes, 223 

Investigations, preliminary, 1082 

Iowa Central Bridge over the Mississippi, 121 

Iron castings, 1777 

Iron highway bridges, dasign of, 530 

Iron railroad bridges, origin of, Ifi 

Iron stringers, origin of, 24 

Irwin. A. C, 104 

Isaacs, John D., 1442 

method of in8i>ecling steel rails, 1442-1445 
I-sections of truss members, 493 
Issuing orders, 1630 

J 

Jack-knife bridges, 66g, 6fi9 



Jackson. 2S 

Jackson, George W.. 226 

Janesville, Ohio. Bridge failure, 1641 

Janni. A. C, H63 

Jaw couplings. 1729, 1730 ' 

Jaw-plates, .'^23. 1682 

Jealousy, 1623 

JofTerson City Bridge. 689 

triangulatiou, 1461 
Jet, 

mo^-able, 9112 

driving piles, 1018 
Jetting pipes in caissons, 990 
Jobs. 

listing of, 1410 

numbers, 1389 
Johnson, J. B., 
Johnson T. 15 

Johnson's Magnetic Iron Oxide paint, 770 

Johnston, Phelps, 012 

Joint, 

detailing, 518 

expansion, 210, 211. 374 

sliding, in trestles, 539 
Joists, 365 

Jonson. E. F.. 215, 23i 
Journal-bearings for tower-sheaves, 1722 
Justice, 1589 

Justice Davis's opinion on naWgable waters. 
1137 

Justice Field's opinion on navigable waters, 
1137 

Judgment, necessity for, 202 

K 

K-tru88. 16, 32Qx 428 

advantages of, 607 

secondary' stresses in, 194 
Kamloops, B. C, Lift Bridge, 213 
Kansas City Bridge, over the Blue River, 
986 

Kaw River Bridge, on the Kansas City 
Southern Railway, Kansas City, 
34, .35. 24fl 

Keithsburg Bridge over the MissLssippi, 221 
8econdar>- stresses in, i>ii> 

Kellogg truss, 468. 477 

Kenova Bridge renewal. 1508, 1609 

Kcssler, Getirgo E., 1169 

Kctchum. Milo S., 215, 351 

Keys, 1728 

" Kinetic Theorj- of Engineering Structures." 

21.3. -211 
Kinzua Viaduct. 545 
Kirkaldy. Havid. 28 
Kirkham. John E.. 313 
Klein. Samuel, 7«»'J 
Knee-braces. 293 
Knippel Bascule Bridge, 700 
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Kocnigsborg Bascule Bridge, 700 
Koli Bridge. 2^1 
Kuichling's formula, 1115 
Kuni. F. C, 178, mS, 216, 502, 638, 646. 
6A2 

Kutter's fonnula. IISO, IIM 

L 

Labelye, 12 

Labor (daily), liputa of. 1756 
Labor laws, observance of, 1756 
Lachine Bridge, 25, 107S 
Lacing, 274, 285, 328. 331 

angle. 2M 

bare. 339 

clearance required between bars or angles, 

505 

' comparison of types. 2S5-28S 
design of. 285=292 
formula for shear on. 1678 
lapping of bars or angles, 331 
minimum clearance for painting, 505 
shear on, 2iKl 

strength of various types. 285-286 

truss members. 1678, 1679 

weight. 2H(V-288 
Lag piles, 1012 
I^Grange, lA 
Laing, T. E.. Ill 

Lake Shore & Michigan Southern Lift Bridge, 
South Chicago, 7:i7 

Lambot, L8 

Lamp-posts, 384i 385, 380, 1843 
Landscape, offense to, 1151 
Landsdowne Bridge, 594 
Language in specifications. 1553 
Lapping of lacing bars. 331 
Lap-splices, 508. 511. 517 
designing of, 512-515 
Latches for swing-spans. 1718 
Laterals and sway bracing, 387-407. 1641, 
1642 

bottom lateral 8>'8tcm, 398 
connections of struts, 293 
double cancellation for. 390 
expansion details, 1067 
functions of. 387 
highway, plate-girder spans. 39fi 
highway truss spans. 4(M\ 
I-lx?ara bridges. 39L 322 
plattvgirder spans, 392-394 
railway deck truss spans. 403 
railway tlm}ugh truss spans, 397 
rigidity of, 388 
riveted connections for, .399 
sections of members, 389. 32Q 
skew spans, 487 
solid floors, 38S 
stresses in, 287 



Laterals and sway bracing, 

stresses, 

coefficients for chords, 175 
for diagonals, 176, 122 

stringers, connections to, 399. 400 

through plato-girder spans, 394 

tniss spans, 1675, 1676 

upper, 400. 405 
Lath for wood-block pavement, 368 
Latrobe, Benjamin IL, 23 
Lattice bridges, 12 

Lattice girders, comparison with plate- 
girders, 411 

Lattice truss with polygonal top chord, 408. 
476 

Latticing, 224 
Launching caissons. 999 
Launching spans, 1506 

longitudinally, 1611, 151S 
Launhardt's formula, 255 
Laws, labor. obscr\'anco of, 1756 
Law-suits, defense of, 1567 
Laying asphalt, 1815 

Laying masonry during freezing weather, 
1864 

Laying of rails, 356. 1842 

Laying out work, 1371 

Layout of drawing sheets, 1381 

Layouts, 1372 

considerations affecting, 1210 
aesthetics, 1216 
commercial influences, 1213 
construction facilities, 1216 
economic considerations. 1217 
erection considerations, 1216 
foundation considerations. 1216 
geographical conditions. 1213 
mmntenance and repairs. 1217 
navigation influences, 1216 
property considemtions, 1213 
stream conditions. 1215 
time considerations. 1215 
U.S. CJovcrnment rctiuiremcnts. 1137- 
1146 

determination of. 1210 
elevated railroads. 1372 
general, information on. 1372 
selection of. 1088 

temporary, for East Omaha Bridge, 1073 
trestles, 537 
Lend. 51 

Leaks, stopping of. 976 

Lcjust work, principle of, 214 

Le( 'onte, L. J.. 90, 91 

Lecturing to engineering students, 1622 

Lei lor, Z. P.. 220 

Leiter's air-drjing salt-water-proof paint, 
220 

Lengths. 

cover-plates, 440 444 
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LrnKths, 

eflfoctivo, 1639 

reinforced-concreto structures, 96Q 
plate-girders, economic and limiting. 409, 
410 

procurable, rolled scotiona, SitlQ 
spaas, economic, 1187 
ties, 3M 

unsupported, girder flanges, ^1 
Lenticular truas, 468. 474 
LptterinR. 1381 
Leucol oil, 220 
Levees, effect of. lift 
Leveling of bed rock, 1022 
Leveling up of flboea, 460 
LeveU. 1471, 1730 
Levers, hand-operating, 1731 
Liability, inderaniflcation againflt, 1886 
Liability insurance for borinR party, 1106 
Liability, non-waiving of, 1885 
Library, 1411 
Life of steel bridges, 3Z 
Tift bridges, 7t7-74fi 

details of design. 1696, 1696 

guides for. 1723 

gjTatory. tifiS 

history of, 212 

lifting deck, 728. 

machinery for, 1717, 1789 

operating drums for, 1738 

operating ropes for, 1736 

power for, 1700 

suspending cables for, 1718, 1719 

trolleys for, 1707 

vertical, 717-746 

wind loads for, 155 
Lifting deck. 228 
Lifts, end, for swing spans, 1717 
Light colore for bridge paints, 768 
Ughts, 1707 

indicator for span oper&tion, 1801 

service and roadway, 1797 
systems, 1842 
Lime. 5^ 

limit switches, 1706, 1797 

Limiting depths for open dredging, 006 

Limiting lengths of railway plate-girder 
MI>ans, 400 

Limits in designing, 1661, 1663 

Limits of daily labor, 1766 

Limits of error in structural steel, 1784 

Undenthal, Gustav, mL 47L 482, 625. 
660. 662 

Lining-up of rivets, 32& 

Linseed oil, 767 

LinviUe, J. 23, 2i 

Liquidated damages, 1564, 1876 

List of data re<iuiro«l for the proper do- 
signing of railroad bridges and 
trestles, 1083 



Listing of jobs, 1410 

Little River Lift Bridge, L. k A. Ry. Co., 24D 
Little Rock Junction Bridge, repairs after 

substructure failure, 1580, 1643 
live loads, 08-110. 954. 1646-1648, 1687, 

1688 

double-track bridges. 107 
electric-railway bridges, 107, 9.54 
end shears, diagrams of, 

electric-railway bridges, 109 

railway bridges, liM 
equivalent, for floor-beams, 168 
equivalent, for stringers, Ififi 
equi\*alent uniform, diagrams of, 

electric-railway bridges, 1 10-116 

railway bridges. 105. WQ. 
highway bridges. 108^ UL ?54, 1647 
history of, 98 
motor trucks, 118 
Railroad Bridges by Hodge, 100 
railroad bridges, various loadings, 103 
railway bridges. 954, 1646 
reduction of, 344 
road rollers, 118 

epeoifications of " Bridge Engineering," 
103 

status in 1907, 102 

stresses, unit reaction method of comput- 
ing, mo 
swing bridgtw, 1687, 1688 
testing old bridges, 1518, 1519 
Load area, definition of, RTi? 
Loading-girders for swing spans, 1693 
Loading metalwork on cars and shipping, 
1766 

Loading metalwork on vessel and preparing 
same therefor, 1766 

Loads. 

base slalis of countcrforted retaining 

walls. 1030 
centrifugal. 133, Oii(L 1654 
counterforts of countcrforted retaining 

walls, IMJ 
dead. Sec Dead Ivoads. 
highway bridges, 1645. iS^e a\m Livt> 

Loads. 

impact, 120-131, 055. 1647 

live. Sec Live Loads. 

machinery of movable spans, 1709 

piers, i)odestjils, and abutments*. lfH5 

piles, 1047 

power equipment of movable spanx, 
1697 

railway bridges. 054. 1645 
reinforced-conrreto bridges, 0.>4-0.'>7 
.swing spans, 1687, 1688, 1689 
traction, 140, 156, 157, 956, 1653 
transferred, 1653 
u[)lift. 9L 1650 
vibration, 140, 155. 1658 
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Loads. 

wind. 149, 1651, 1661 
Ivocating of bridges, 1088 
I>ocation. 1742 

air locks, HKK'S 

lx)rings, 1101, 1106 

piers, 1471 

triangulation. 1464 

splices, 5()8 
Locking apparatus, 1791 
Lockport. III., Bridge. 32 
Locks, 

movable spans, 17S4 

rails, 17S4 
Locomotives, Mallet, M 
Log cribs, 974 
Ivogs in caissons, 995 
Ix)ndon Bridge, 12 
Ix>ng, \A 

Long. E. McLean, 141S 

instructions to insftectors, 1419-14i4 
Long Lake Highway Bridge, 003 
Long-leaf yellow pine, 52 
Long panels, 1176 

lyong-span American bridges, origin of, 2^ 
Ix)ng truss, 2Q 

I/ongitudinal launching, 1511, 161S 
Ixingitudinal shear in timber, 3LI2 
I/onginuir, QX 

I^>se rivets, detecting of, 1617 
Ixjss of metal and other materials, 1768 
Louisiana &, .\rkansas Railway Lift Bridges, 
7A7 

Louis>'ille & JefTcrsonvillo Bridge failure, 
1643 

Low and high bridges, comparison of, CtG'A 
Lowe Brothers paints, 771 
Ix)yidty. 1628 

Lubrication of bushings and bearings, 1729 
Lucius, Alljert, /iflfi 
Lug angles, 329, 331 
Lulu Island Bridge, 

draw protection, 780 

piles, 1017 
Lump-sum bids. 29, 

Lytton, B. C, arch cantilcvering, 1604, 1606 

M 

Macadam pavement, 1837 
Machinery, 1787. .Sec also Tables for 
Designing. 

tionding strosises in wire rof>ea, 'Ml 

equipn>ent. 1708 

gears, pitch diameters of, 314-321 
hand-o|>erating. 1789 
installation of, 1803 
materials, 1709 
movable spans, 1708 
operating, 1726, 1727 



Machinery, 

rope sockets, 312, 313 

supports, 1697 

Umber, 1840, 1841 

unit stresses, 1709-1712 

vertical-lift spans, 1789 

wire ropes. ^See Tables for Desigains. 
Machiner>' house, 1733 

crane for, 1802 
MacMartin, James, 1623 
Magnitude of floods, 1110 
Mailing drawings, 1398, 1399 
Main girders of reinforced-concrete bridgea. 

designing of, 224 
Main members, 

depths of, 494, 495 

highway tniss bridges, 1641 

railway truss bridges, 1641 
Maintenance, 

bridge, troubles in, 1613 

cost of, 1362 

existing bridges, 1522 

sewers and pipes during oonstruction 
work, 1752 

traffic, 1508, 1752 

traffic during renewal, 1529 
Maintenance and repairs as affecting layout, 
1217 

Maintaining correct form of shells, 1859 ' 
Make-up of chord sections, 173. 501 
Making drawings, 1378 
Mallet engines, 105. lOfi 
Mallet Triplex engine loading, 105 
Maney, J. A., 216^ 211 
Mangane.%, 4G 

nickel steel, 61 

steel, 52 

Manhattan Suspension Bridge, New York, 

2L 59, 659 
Manifolding contracts, 1671 
Man-power machinery for swing spans, 697 
Manufacture, specifications for, 1741-1891 
Manufacturers, bridge designing by, 37 
Manville, US 
Map, hydrographic. 1149 
Map of the United States showing the annual 
rainfall and record run-offs, 1115 
Marching of stjldiers, effect of, 117 
Marietta Bridge, SQQ 
Marking and match-marking, 1783 
Marriott«'s law, ]A 
Marston, A., 15 
Mar>'land Steel Company, fiS 
Masonr>', 1861 
arches, 7^ r>'A(\ 

longest span, 19 
Roman, 9, 10 
theorj' of, 15^ 017 
bearings uix)n, 1667 
first-class, 1862 
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Martonry, 

inspection, 1451, 14SS 

laying during freexing weather, 1864 

mortar for, 1864 

permisiuble pressures on, 2^ 

piers, 1X12Q 

proportioning of, 

batter for. 1021 

plates. iiiS 

pointing of, 1864 

protection. 1519 

second-class, 1863 

testing old, 1518 
Mtissivene^, 1179 
Match-marking. 1528, 1783 
Materials and workmanship. 1761 

electrical. 1791 
Materials for hridges, 45. 1631 

abutments, lO^H 

ancient bridges, 13 

approximate quantities of, 1871-1874 
checking receipt of, 1477 
evolution of, ISi 

furnishing of by purchaser, 1751 
inspection of, 1411 
loss of. 1768 
machiner>', 1709 

prices of, 1354, 1355. 1359, 1360, 1757 

records. 1477 

reinforced-concrete construction, cost of, 

1359, 1360 
reports, 1487 

sources of supply for, 1756 

storing of, 1885 

unit weights of, 1649 

valuation of. 1480 
Matthyssen. N. IL» Til 
Mattresses. 995, 1()58. 1059. 1866-1868 

anchoring of. 1002 

basket'-woven. 1Q6Q 

pier protection. 1028. lOfiO 

(Standard types of, 1060 

thicknesses of. lOM 
Maumeo River Bridge at Toledo, Ohio, 689. 
28Q 

M.iximum shear, criterion for, 162. IM 
Maxwell's law of reciprocal deflections, 237. 
24fi 

Mayari steel, fiS 

cantilever bridges of, 21 

cost of, m 1080 

eye-bars, IQ 

location of ore. fi9 

production of, 20 

simple truss spans of, 21 

strength of, 09, 20 

testing of, 72. 
Mayer, James, &fi2 
McKibben. F. P., 8fi2 
McMath's formula, 1115 



Meanders of stream, 1091 
Meaning of terms, 1881 
Measurements of boring pipe, 1103 
Medium steel, 45 

economics of, 1100 
Melan. IS 

Melts, test specimens from, 1773 
Members, depths of, 494. 495 
Memphis Bridges. 28, 69, 596, 1156 
Merchants' Bridge. 25 

estimate of cost of, 1351, 1353 
Meroe, Ethiopia, arch bridge, 9 
MerriU, Col.. 12a 

Merrimac River Bridge at Newburyport, 

Mass.. 1065 
Merriman, Mansfield. 15 
Merriman and Jacoby, 502, 691, §34, 1100 
Metal. 

arches, origin of. 22 

caissons, 9H6. 987 

cleaning of, 767, 768 

encasing of in concrete, 769 

estimates of weights of, 22ii 

extras for, 322 

fatigue of, 255 

identification of, 1771 

injurj' to by seepage, 769 

in.spection of. 1763 

loading, 1766 

loss of, 1768 

portions of bridges, 1631 

prices. 1101 

protection of, 765 

sections, 47 
unu-sual, :4S 

special cost of, 327 

specification for, 1770 

weight, computation of, 1377 

weights of, in .swing spans. 1141 
Methods, 

pier sinking, 967 

.stress computation, 158 

testing steel, 1771 
Metropolis Bridge over the Ohio River, 2^ 26, 

Michigan Avenue Bascule Bridge, Buffalo 
201 

Millholland, James, 22 
Milling, 

beams and stringers, 376-378. 1783 

cantilever Ijeanis, '.iH'2 

ends of I-beams, 331 

trough sections, 334 
Mill .scale, removal of, 768 
Mill work in.spection, 1419 
Mingo Junction Bridge, 50S 
Minimum thickness of concrete, 962 
Minimum thickness of metal, 1661, 1680 
Mistakes, 1555 

Mixing of concrete, 851* 10^. 1853 
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Modern riveted trusses, advantages of, 248 
Modjeski. Ralph. 72, 48L 598, 014, 619, 
- 1066 

Modus operandi of construction, 1757 
Mohr, 179^ 215, 

MoUtor, D. A., 213, 227, 23L 1181 

Meller. IS 
Moment, 

bending, criterion for, IM 

coefficients for continuous beams, 845 

diagram for plate-girders, 414—418 

parabola of, 414-418. 440-44a 

plate-girders, calculation of, 412. 414— 41ft 
proportioning for, 421-432 

polygon, 416. 417 
Moments of inertia of beams, columns, and 

arch ribs, 83S 
MoncriefT, J. M., 252 
Monicr, 18 
Monkey bridges, 1, 2 
Monolithic structures, stresses in, 842. 9Ci 
Monongahcla Bridge, 594 
Montgomery Waddell's types of bascules, 

711. 712. Z15 
Monthly estimates. 1479-1483 

estimate sheet. 1489 
Monuments, 1467 
Mooraon, Capt. W., 717 
Moran air lock. 1006 
Morison, Goo. S., 25, 29, 660. 69fi 
MOrsch, Emil, ZM 
Mortar, 

freezing of, 1044 

masonry, 1864 

retempering of, 1Q44 
Motor-truck loads, 1537 
Motor wagons, IQ& 
Motors, 

electric, 1708, 1703, 1793. 1794 
alternating current, 1793, 1794 
directr<!urrent, 1793 
mounting, 1708 
internal combustion, 1708 
Mounting of motors, 1703 
Movable bridges, 663-746 

advantages and disadvantages of, 
aerial ferries, 670. 671 
bascules, 7f)0-716 
l^t kinds to adopt, 080 
lx)l>-tailed swings, 664 
classes of, 6M 

comparison of lifts and swings, 680 
comparison of vertical lifts and bascules, 
682 

cost of power for operating. 679-681 
double rotating cantilever swings, 665. 666 
economics of, 1308 

electrical operation of draw spans, 679 
floating. G74. 67."i 
folding. 66b^ tm. 



Movable bridges, 
gates for, 677, 628 
gyratory lift, 
history of, 663 

horisontal folding draws, MR 
jack-knife, 668, mi 
lift bridges. 717-746 
pontoon, 674. 675 

power for operating, 678. 1679- ITOl 

cost of, 679-fi81 
pull-back, 001 

Schneider, C. C, paper by. 683 
shear-pole draws, 665 
swings, 664. fi84-A8Q 
trarubordeurg, 670, fill | 
transporter, 670. 621 | 
vertical lift bridges, 71 7-74 
wind loads for, 154 
Movable jet, fiQ2 

Movable span, position of, as affectiag 

layout, ISll 
Mtiltiple punches. X& 
Multiple punching, r^7fi-.'^77 
Multiple-track structures, bracing fraoa 

for, 222 

Municipal Bridge at St. Louis, 481 
Mun>hy. J. W., 23 
Murjihy-WTiipple truss, 23 
Murphy's formula, 1116 
Mushroom anchors, 1062 

N 

Nailing stripM for plank floors. 365 
Name-plates, patent-plates, and j'ear-pUtM, 

1646. 1786 
Narrowness of channel, 1090 
National Paint Company's paints, 771 
NaturpJ cement, 17, 28 
Nature, methods of. 1158, 1164 
Navier, 14 
Navigable waters, 

bill to regulate the construction of bridires 
over, 1138, 1147 

definitions of, 1137 

re<4uirement8 of the United States Gov- 
ernment for bridging, 1137 

rules for the protection and preservatioa 
of, 1143. 1146 

surveys for bridging of. 1147 
NaNngation influences as affecting layout. 
1816 

Navigation signals, 1707, 1708 
Neale, David. lOfil 
Negotiating. 1606 

with promoters, 1606, 1607 
Nerve, 1616 
Net sections, figuring of 

pin-holes, 1688 

tension members, 295-298. 1668 
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N>w Westminster Bridjte, 1074 
' trianKulation. 1463, 1464 
New Zealand Archos, 1170 
Niagara Arch, data for, 644 
Niagara-Clifton Arch Bridge. 625 
Niagara Gorge Arch Bridge, figfi 
Niiigara River Bridge, Roobling's, 22 
Nichols, S. F., 62fl 
Nickel steel. 28, 5L 56 

bridges, limiting weights of. 01 

brittle sone, 01 

composition, 60 

copper, OS 

costs, &1 
I elastic limit, 59, 00, 9L 02 

elongation, 22 

experiments by author, 5& 

eye-bars, 113 

ferro-nickel lor manufacturing, 68 
' fitness for bridge construction, 64. 

intensities of working streaacs. 262. 1666, 
' 1666 
' manganese, 61^ 92 

nickel, 92 

percentage of carbon, 02 

phosphorus, 02 

pLate-and-shape, 61^ 03 

price, 6Q 
I requirements for, 1771 
' rivets, 61 

St. Louis Free Bridge, 01 

sulphur, 92 

ultimate strength. 02 

vanatiium-carlx)n steel, 85 

vanxuiium-chromium steel, 85 

weights, 61 

working stresses. 202, 1666, 1666 
"Nickel Steel for Bridges," 59, 61 
Nier. John W., 1D62 
Nikko Bridge, Japan, 7, 8 
Noble, Alfred, 528 
Nobrac paint, 771 
Noiseless structures, 348 
Norris, George L., 82 
North River Bridge, designs for, 2Z 

Hodge, 660, 661 

Lindenthal, 602 

Morison, 662 
North Thompson River Lift Bridge near 

Kamloops, B. C, 743 
Notary Public, 1667 
Notes in field, 1478 

Notice of commencement of ficldwork, 
1768 

Noxxles for water jets, 1018 
Number of borings, 1094. 1101, 1396 
Number of stringers per track, 354 
Number of test pieces of stwl, 1774 
Number of trusses per span, 483 
Nuts, 1786 
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Oak. 52 

Oakum. 51 

Observance of labor laws, 1766 
Obstacles, 

encountering. 1860 

pile driving. 1018 

sinking piers, 994 
Obstacles to approval of bridge plans by War 

Department, 1141 
Obstruction of channel 

by piers, 1111 

freedom from, 1090 
OfTenso to landscape, 1161 
Office practice, 1370 

handling of, 1387 

hours for employees, 1608 

lading out work in, 1871 ^ 

organizatioti, 1606 
Oft-repeated stresses, 255 
Ohio Avenue bridge, Kansas City, 1070 
Oil. Leucol, 770 
Oil, linseed. ZfiZ 
Old bridges, 

condemnation of, 1819 

live loads for testing, 1618, 1619 

removal of, 1749 

repairing of, 1619 

stress diagrams for, 1619 
Omission (teniiKjrarily) of cantilever brackets, 
1073 

One-liingtHi arch, 624. 6.30 
Open-bracing for cylinder piers, 10.56 
Open-deck con»tru«'tion, 34 H. 3.V1 

compared with ballasted deck. 347 

shallow floors. 353 
Open-drodging process, 967. 9Hl-'.>97 

advantages and disadvantages of, 98? 

caissons. 1868 

description of, 9S1 

limiting depth** for, tH>6 

maximum depth yet used, 382 

where used, 9H2 
Open-hearth steel, acid, 46 
Open-hearth steel, origin of, IZ 
Open-spandrel arches, MO 
Open-webbed, riveted-girder spans, 

details of design for, 1674 

truss sections, 490-491 
Openings required by War Department for 

movable spans, 1143 
Operating machinery, 1726, 1727 

drums for lift-spans, 1726 

ropes for lift-spans, 1726, 1789-1791 

roi)e8, supports for, 1726 
Operation of movable bridges, 

cost of, 1362 

electric, 1702-1708 

hand, 1702 
Operator's house, 1734 
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Opinion, differences of, 1766 
Option on project nniuired by bankers, 
1597 

Order-form for blue-printa, 140S, 1403 
Orders, ii«iuinK of, 1630 

Oregon-Washington Railroad and Naviga- 
tion Company's Bridge at Port- 
land. Ore., 728^ 730, 732, Z33 
chord section, 495, 5Q2 
Organization 

erection. 1506, 1507 
office. 1606 
Origin 

American cantilever bridges, 2a 
Beasemer Process, 12 
caissonH, 12 
defonned bars, 28 
dredging machines, 12 
iron railroad bridges. Ifi 
iron stringers, 24 
long-span American bridges, 2i 
metal arches, 22 
oix5n- hearth steel, 12 
pile cut-off machines, 12 
pin-connected bridges, 23 
plate-girder bridges, 23 
I>ontoon bridges, 11 
reinforced concrete, 12 
steel bridges, 17, 22 
stress analysis, 1^ 
structural shapes, 12 
theory of stresses, 13 
timber trestles, 21 
truss bridges, 12 
Whipple truss, 23 
wooden railway trestles, 22 
Ornamentation, 115S, 1164. 116S, 1176, 
1177 

by artistic approaches, 1178 

by hand-rails, 1177 
Oromocto River Lift Bridge, 743 
Osborn, Frank C, ft44 
Ostwrne, Richard, 22 
Other contractors' work, 1766 
Outfit for borings, 1096 
Outlines of bridges, 1156 
OverdriWng of piles, 1018 
Overhang of car, 148 
Overrun of angles, 430 
Overtime, 

payment, 1608, 1609 

work, 1630 
Overturning moment on shoo of column, 301 
Ownership of plans, 1628 

P 

Pacific Coast cedar, 52 

Pacific Highway Bridge at Portland, Oregon, 
686. 723. 1174, 1175 



Pacific Highway Bridge at Portland, Oregoc, 

long piles for, 1017 
Packing on pins. 52L 529-531. 168S 

clearance f r, 276, 529. 53Q 
Page and Shnable, 21B 
Page ba.«»cule, 708, 214 
Paine, Thomas, 22 
Paint and painting. 765-771. 1803 

accessibility for. 277. 403 

best brands of, 769, 77Q 

best qualities of. 771 

consensus f opinion conoemins, 767 

decoration by, 1177 

function of, 765 

Goheen, 771 

graphite, 766, 762 

guaranteeing of, 771 

inspection of, 1447, 1448 

Johnson's Magnetic Iron Oxide, 770 

light colors for bridge, 2fiS 

Lowe Brothers, 771 

National Paint Company, 771 

Nobrac, 221 

lead, 767, 221 

shedding, 2fi5 

Sherwin and Williams, 771 

Toch Brothers, 771 

vehicle for, 766 
PaintHskins, 51 
Palacio, A. de, g21 
Palladio, 12 
Palmer, 15 
Palmer, Timothy, Ifi 
Panel lengths, 4S1 

economic, 1187 

skew bridges. 484-488 

8ubdi\'ided, 480, 4&1 

inferior span length for, 480 

unequal, 481, 493 

varying of, 48 , 493, 1068 
Paper, drawing, quality of, 1387 
Papers, return of, 1882 
Parabola of moments, 414 - 418. 440- 
443 

Parabolic truss, 468. 474 
Parapets, ties on, 3iil 
Parent, M 
Parker, C. H., 2i 
Parker truss, 24, 468, 463 
Parsons, William Barclay, 
Parthenon, 1153 
Partial pa>'ments, 1888 

to contractor, 1368 
Partial splices, 532 
Pasadena Arch Bridge. 1164 
"Passing the dollar" in contracts, 1664 
Patenting, 1621 

royalties, 1756 
Patont-platcs, 1786 
Paved floors. 1636 
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Pa\-ing. 1806 

asphalt, am 1809, 1817 

repairing, 1817 
haaes. 368. 3£ifi 
bitulithic, 3m IttS 
brick, 3m 1828-1836 
concrete, 370 

cuxbe on embankments, 18S7 

drainage of, 18S6» 18S6 

grades, 368. 3ZQ 

guarantee, 1816, 1839 

macadam, 1837 

pit<:h mier, 368. 1834 

plank. 365. 366 

sand filler. 368 

stone-block, 370 

wood-block. 36r»-3fl8 
Payment clause in contracts, 1866 
Pa>'ments, 1878, 1884 

partial, to contractor, 1368 
Pecos River Bridge failure, 1641 
Pedestal piles, mil 
Pedestals, 1028 

anchorages for, IQ3Q 

baae castings for, 456 

bases. 1686 

batters for, 1028 

elevated railroads. 562 

elevation of, 228 

footings, 1028 

foundations, pressures on, 103Q 

hinging of, 532 

location of, 2g4i 3i0 

position of, 1866 

quantities for, 1300 

trestles. 542 

truss spans. 1680 

volumes. 1301, 1311, 1311 
Pegrara. Geo. 477 
Pegram truss. 468, 421 
Penalties. 1664 
Pencilling, 1394 

Penetration teat for asphalt, 1818 
Pennsylvania Railroad, lift bridges for, 

Chicago River, 734. Z3fi 

Calumet River, South Chicago, 734. 

m 

Pennsylvania Steel Company, fi8 
Pennsj'lvania truss, 25. 4fift 
People, weight of, 108 
Per diem fees, 1604 

" Percentage Method of Performing Difficult 

Work," 1882 
Percentage reports of work, 1486 
Percentages of weights of details for trusses, 

1117, 1139-1141 
Percentages of weights of metal in swing 

spans compared with those of 

simple spans of same length, 

1249 



Percolation. 075 
Permanency of channel. 1088 
Permanent clauses. 1741 
Permissible, 

loadings for piles, 10()8. 1047 

prps8ure« on masonry. 265 

pressurcM on soils, 964 

variations in weight and gauge, 1779 

working stresses. 25»i 
Perronet, H 
Perry, 28 
Petinot, aa 

Petit truss. 25. 468. 469. 410 
secondary stresses in, 194 
caml)ering of, 7.'>H 
• Philbrick, 23 
Phoenix column, 24 
Phosphor bronze bushings, 32Z 
Piers, 1020-1057 

arch, quantities in, 1337, 1338, 1340, 
1341 

arch-bridges, data for, 1339 
bases, 

elevations of tops of, 1051 

enlarging of, 971 

piles in, 1050 
braced steel, 1026 
brick, 1022, 1861 
buried, 535. 1031 
concrete, 1022 

coping of, 1024 
cyUnder, 1025. IQ.'U 

open bracing for, 105fi 

telescoping of, 1026 
designing, safety in, SI2 
details of. 1007 
dumWiell. 1023 
finding ixjsitiou of. 1471-1476 
founding of. on a thin crust, 970 
hollow. 1024 
impact on. 964 
lengths of. 1022 
locating. 1471 

triangulation, 1464 
masonrj'. 1020 

proportioning of. 1020 
mattresses. 1060 
obstruction of channel by, 1111 
pile, timber, lOaZ 
pivot, 1024 

platforms for construction work. 999 
pneumatic-cylinder, 1056 
position of, 1866 
protection. 1866 

mattresses for, 1028 
proportioning for artistic effect, 1179 
proportioning, ordinarj' method of, 1022 
quantities for, 1300-1310 
Red Rock Cantiicvor Bridge. 1022 
rip-rap for, 906 
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Piers, 

shafts, 1023. lOol 

classification of, 102Q 
batters of. IOTA 

methods of constmrtion. QQl 

speciiicatious for, l()4"i 

steel sheik for. 1025 

timber. 1026 

type, choice of, flfi9 . 
Pier-aiiiking record, 1479 
Pigment. 

coefficients of expansion, Zfi5 

excluder, 765 

graphite, Zfifi 

shedding, 765 

value of, 706 
Pile clusters. IQll 
Pile cut-off machine, origin of, 12 
Pile driving. 10U8. 1014. 1868 

cost, inift 

East Omaha Bridge, IQlfi 

olxitacles in, IIILH 

overdriving, UHa 

record, 1479 

through clay, 1016 

water jets, 1015. lOlS 
Pile dykes and mattress work, 186S-1868 
Pile foundations, 068. IMO 
Pile heads, encasing of, 008 
Pile piers, timber, 1057 
Pile trestles, 113 

limiting lieights of, 

panel lengths of, 774 

stringers of, 774 
Piles, ions 

bases of piers. 1D2Q 

battered. 101 1 

bearing. 1(M)K 

brooming of, UUB 

cast, IQLi 

concrete, 1012. 1856 
crcosoted, 77.'> 
creosoting of, 101-'^ 
decay of, 070 
disc. im2 

driving of. See Pile Driving, 
duraljility of. 1013 
dynamiting of, ULLLj 

eccentric loads on, Ecis. 24 and 26, page 
■SOO 

factor of safety for. IfiJil 
falsework, number per bent, 1603 
formula, KKn) 
fuundatiuns. use of, 069 
Fraacr River bridges, 1017 
grouping. 1013 
inspection, 1460 
lag. 1012 

loading. 10O8. 1009 

long piles driven by water jet, 1017 



Piles, 

materials for, 101 1 

Pacific Highway Bridge, Portland. 

1017 
pedestal, 1011 

permissible loads on, 1008. 1047 
poured, liLL3 
promoulded, 1012 
protection of, 1014 
rejection of, lOOS 

resisting horizontal pressures, lOlD 
retaining walls or abutments, 1042 
screw, 1012 
sheet, 1011. ini:^ 
spacing, 1013 
steel, 1013 
test, lOOQ 
tJTJes of, 1011 
wattled, Uy>3 
wooden. 1856 
Pin-connected trusses, 
cambering of, 755, 7.56 
highway spans. 1683 

old type, advantages and disadvantages 
of. 248 

origin of, 23 

railway spans, 1681 

wearing of joints in, 749. 750 
Pin connections, abandoning of, 3Q 
Pin-holes. 1786 

half, 33^ 

net sections at. 1682 
Pin packing, 527, 522=531 
Pin-platea. 53L 1682 

lengths of, 284, 285 
Pine, 

long-leaf yellow^, 52 

short-leaf yellow, 52 
Pinions, 1727 

rack, for swing spans, 1724 
Pins. 1682. 1779 

bearing, intensities for, 264, 323 

l)ending. intensities for, 204. 324 

Ix^nding moment.^ on, 324. 1668 

designing of truss pitts, 530, 531 

diameters, 531 

eccentricity of chord pins, .140 
effect of on secondary stresses. 200 
nickel steel, bending in tensities for, 
324 

pedestal pins, location of, 2S4 
shear on, 264. 1658 
sizes of, 329. 334 
Pipe. 

boring, measurements of. 1103 
carr>'ing of on movable span, 1076 
casing, 1097 
cutting of, 1100 
dynamiting of, 1098 
maintenance of, 1762 
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Pipe, 

puUinR of, 1098 

purchasing of, 1100 
Pipe-line for fire protection, 1844-1846 
Pitch, 362, afifi 

fiUer, 268 
Pitch-diameters for |tc»ars, 1^14-321 
I*itch for gears, 332 

Pitches of riveta, plate-girder flanges, 432- 
441 

cantilever beams, 436. 444 

component parta of flanges, 437-438 

ciirved flanges, 437 

inclined flanges. 433-43fi 

variation throughout girder, 43S-^4t 

vertical loads. 437-438 
Pitcjiburg Testing Laboratory, 141S 
Pivot piers, 1024 

drainage of, 697 

quantities for, 1300 
Pivots for center-bearing swing spans, 1716 
Piacing concrete, 1863, 1864 
Placing leinforcing bcu^, 1865 
Planing. a28 

sheared edges, 32S 
Plank floors, 365, 306, 1884 
Plans, alteration of, 1762 
Plant. 

biddetij'. 1878 

contractor's, 1768 

report on, 1488 

seizing of contractor's, 1616 
Planter, 51 

Plastering faces of piers, 1044 
Plate-and-shaije nickel steel, 61, 03 
Plato, tin, 5Q 
Plate. 4L 1777 

bending of, 331 

buckled, 47 

checkered. 374 

connecting, strength of, 284 

corrugated. 42 

extra cost of wide, 3iiZ 

trough, 47 

Plate-girders and jilato-girder bridge!*, 408. 
4_LK 

advantages of, 408 

calculations, 411. ,SVc also Designing, 
camber, 321L 332, 753^ IM 
cantilever, 418, 444 
ca«t shoes, 454 

comparison with trus.^ spans and I-Ik'hui 

spans, U)s 410 
compression flunRes, proportioning of, 431 
connection angles. 444. 445 
continuous girders, 418. 419. 444 
cover-plates, 

areas, 126, 423 

centres of gra\nty of flanges, 427 
flange sections, 422-428 



Platc-girtlrrs and plate-girder bridges, 
cover plates. 

full-length plates, need for, 428 

lengths, detcnnination of, 440-444 
extra at ends, 440. 443, 444 

rivet heads, undesirability of, 428 

rivet pitches, 437 

weights, 42fi 
crimping of stifl'ening angles for, 1103 
curved flanges, rivet pitches in, 437 
defuiition, 411 

depths, limiting and economic, 419. 420 

detygning and detailing. See Designing 
of plate-girders and plate-girder, 
bridges, also Tables and Dia- 
grams for designing. 

details of design, 1668-1671 

doubling-up of old spiins, 15S8 

durability, 4(18 

economics, 409, HO, 1184, 1186 

end bearing, 452—160 

end details. 444-447. 464. 4fil 

end stifl'ening angles, 446 

essential elements, 411 

flanges, 

areas, 423-426. 429. 430. 432 

calculation of, 432 
centres of gra\'ity, 424, 427 
cover-plate lengths, 440-444 
make-up of sections, 4224.30 
cover-plates, 422—428 
no cover-plates. 428. 4.30 
rivet pitches, 432—441 
section, determination of, 4.33 
splices, 421 
stringers, 328 

unsupported lengths, 431-432 
full splicing. 409 
grillages, 152 

half-through railway, e<'onomics, 410 

laterals, 3U2-307 

lengths of cover-plates, 440 

limiting lengths, {{Y.i 

maximum sheiu", 412. 4 IS . 

moment, 

figuring of, 412 ilS 

proiMjrtioning for. 421. 432 
moment diagram, 414-418 
origin. 23 

paralK>lu of moment, 414—118 

reactions, 412 418 

rivet coiuiertions. 4 

rivet pitch. .SVc Pitches of rivets. 

rocker ends, 4.^>3 

rocker shoes, 4.'>4. 4.'».'i 

shears, 412-41H 

shipment, 409 

shoes, 432 -460. Sec also Shoes, 
side plates, 4.37 
sliding bearings, 458 
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Plate-girders and plate-girder bridges, 
spacing of girders. 409 
splices in flanges, 421 
splicing of webs, 30L 420. 447-452 
stifTeners, 42L 1«>3, 1670 
strap plates for splicing. 449 
smng spans, details of design for, 1690, 

1691 
through, 4 (to 

kterals for, 20^ 
web-plate, 

depths, limiting and economic, 419. 
4211 

design, 419-421 

splices, 301. 420, 447^52 

design. 450-452 

loads. ML 45Q 

types, comparison of, 447-449 
weights of metal, 1231. 1122, 1260 

Plate-lattice-girder spans, 411 

Platforms, 1841 
around pier, 029 

locations on elevated railroads, 549 
Pneumatic caissons, 1867 

details of, 1(K)7 

founding uf. 971 
PneuHiati<- cylinder piers, 1Q5Q 
Pneumatic gun, lli2^ 
Pneumatic proceas, 967. 998 

distinctive features of, 998. 999 
Pocketa, expansion, 377. 1686 
Pockets of caissons, 989 
Poetach. Dr. F. 212 

freezing process, 212 
Pointing masonry, 1629, 1864 
Points of contraflexure in columns, 22i 
Polygon, moment, 416, 417 
Polygonal top chords, 479, 480, 48L 488 

analytic method of computing stresses in 
trusses with, 1^ 

skew spans, 4H7 
Pons ^i-^milius, 9 
Pons Fabricius, lH 
Pons Milvius, 9 
Pons Salarius, 2 
Pons Sublicius, Q 
Pont du Gard Aqueduct, IQ 
Ponte MoUe, 12 
Ponte Quattro-Cnpi. 12 
Ponte Hot to, 2 
Pontoon bridges, 674. 67.'* 

origin of, 11 
Ponts et Chauss^es, establishment of fecolo 
dos. 14 

Pony tnisses. 2SL 4^ 479, 490. 
Pooling, abolition of, 1636 
Pooling of compi'titors, 1633, 1634 
Pope, Thomas, 22 
Portage viaduct, 21 

Portal bracing. 293. 422, 403, 1642, 1643 



Portal bracing, 

connections, 506 

skew, 403, 4&!fc4S8 
Portland cement, 17. 28 
Portland. Oregon. Bridge, foundatiooi of, 
283 • 

Position, gradient, and alignment, 176i 
Position of caissons during sinking, 994. 1001. 
1472-1476 

Position of critical section for pure shear and 
diagonal tension in beams. &36. 

Position of movable span as affecting la>*out, 
1211 

Position of piers, pedestals, and abutmeot«, 
1866 

"Possibilities in Bridge Construction hy the 
Use of High Alloy Steels," 70. 
78, 1284 

Poet truss, 23, 468, 4ia 

Posts of trusses, sections for, 1678, 1681 

Poets, (vertical) end, 4iil 

Pot holes, 1061 

Poughkeepeie Bridge, 5CS, 5^ fiQQ 
Poured piles, 1213 
Pouring of slabs, 252 
Power, 

bascule spans, 1701 

equipment. 1702-1708 

installation for movable spans, 677 

lift spans, 1700 

movable spans, 678. 1697-1701 

swing spans, 1698-1700 
Pratt, Caleb and Thomas W., 15^ 21 
Pratt truss, 468 

stress coefficients, 121 
Preambles for contracts, 1660, 1662 
Precipitation formula. 1118 
Precision in specifications. 1668 
PrcHminar>' investigations. 1081 
Preliminary surveys. 1088, 1091 
Premoulded piles, 1212 
Preparing and placing reinforcing bars, 1866 
Preservation of timber, 1806 

tics, 321 
Pressures, 

abutment bases, ia30. 1031 

bases of bridge piers. 964 

masonry'. permiseil^Ie, 22i 

masonr>', tinit, 1657 

pedestal foundations, 1232 

soils. 9r>4 

Prices of materials, 1364, 1366. 1369, ISIO, 
1767 

Prices of metal, 1202 

Priming coat of paint. 7CA) 

"Principal Professional Papers," 22 

Principle of least work, 214 

Principles in detailing the outlines of spans 

for aesthetic design, 1176 
Principles of design, 1662-1666 
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Probability of scour, determination of, fififi 
Pn)ourable lengths. &1Q 
Pmlit-sharing with assistants, 1609 
Progress charts, 1486 
Progress, rate of, 1876 

Progress records, graphic method Of making, 
1489 

Projects, 

chimerical, 16S4 

classification of, 169S 

electric railway bridges, 1691 

option required by bankers on, 1697 

pedestrian bridges, 1693 

promotion of, 1691 

rejection of by bankers, 1697 

speculative, 1624 

steam-railway bridges, 169S 

steps in promotion of, 1693, 1694 

wagon bridges, 1692 
Promises of stock, 1600 
Promoters, 1691 

negotiating with, 1606, 1607 
Promoting by engineers, 1698. 1699 
Promotion, 

bridge projects, 1691 

fees. 1607 

necessity for secrecy in, 1699 
steps to be taken in, 1693, 1694 
Property considerations as affecting layout, 
1213 

Proportion of parts, 1160 
Proportioning, 

compression members, 432 

flanges of plate-girders, 421-432 

piers, LQ22 
Proportions for concrete, 1862 
Proposal, form of. 1880 
Protection, 

banks, 1866 

East Omaha Bridge, IDfi3 

curbs. 374 

draw bridges, 779-782 
omission of, 779 

failing masonry, 1629 

metal work, 348x 7fUi-77« 

piers, 1060. 1866 

piers for through spans, 3M 

piles, HIM 
Prospectus, how to write a, 1696 
Prospectus, requisites for, 1694, 1696 
Pr>-or, J. ILx imi 

Public office, holding by engineers, 1631 
Pijddled clay for borings, 1098 
Puddle wall. QZi 
Pull-back draw, 666, 662 
Pulling pipe, 1098 
Pulsometers, 229 

Pumping out of caissons and cofferdams, 978. 
Pumpa for cofferdams. 979 



Punches and dies, sixes of, 1422 
Punches, multiple, 32S 
Punching, 1422. 1782 
Purchases for office, 1389 
Purchasing of pipe, 1100 
Purified steel, Z2 

excess cost of, 23 

possibilities of, 26 

weights of bridges of, 23 
Puyallup River Bridge, Tacoma. 734i 23& 

Q 

Quantities for concrete construction, 1300-- 
1347 

abutments, 1316-1317. 1341 
pedestals, 1311-1313 
piers, 

copings, 1301 

shafts, 

batter to V-O", 1302-1304 
batter h" to I'-O", 1306-1307 
batter 111 to I'-O", 1308-1310 
vertical sides, 1301 
reinforced-concrete bridges, 
arch bridges, 

abutments, 1337-1343 
arch barrels, 1333 
arch ribs, 1332 
piers, 1337-1343 

spandrel girders and columns, 1329 
spandrel walls, 1331 
floor systems, 1321. 1322 
girder bridges, 

columns, 1326, 1327 
footings, 1328 
girders, 1323 
retaining walls, plain and reinforced, 1318, 
1319 

Quantities of materials, 1871-1874 
Quarry dust, 53 

Quebec Bridge, 25, 3L 38. 59, 194. 478. 500. 
593, 605. 1167 
arch design for, 622 
cantilever, 500 
failure, 259, 1646-1647 
Queen's Ferry, Scotland, Bridge (Firth of 
Forth), fifia 

R 

Racks, 332 

swing spans, 1716, 1716 

pinions. 1724 
Radial truss. 4fili 
Radii of gyration, 501 
Rail bods, 
Railings, 

gas-pipe, 383 

steel, 1786 
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Rails, 

anti-creoping devioea for, 351 

U>ti<liiig of. 3r>0. 184S 

breaking of at ends of movable bridges, 

356 

connections of, 1805 
electric-steel. 12 
expansion joints. 350 

details on Beaver Bridge, 3^ 
gap bars for. 356 
grooves, drainage of, 373 
guard. 356, 3fi3 
ins|>oction of. 1440-1442, 1447 
insulation of, 356 
lu>inR of, 184SI 
lengths of, 'dMi 
Viftn for swing spans, Q^Q 
locks, 1713 

ruuniug-plat4>s for, 353 
(iizes of, 356, 3111 
splices. 356 
8upi'n»Ie\ iition, 355 
supports in tiniljer ttimn, 369 
switch |M>ints for creeping of, 357 
tinil*r Hfwrs, 3<»'.)-370 
weights of. ii5 
liailway bridges, 
arch ribs. CiLi 
clearances. 4H3, 484, 1W« 
deck, 1842 

Designing. Some Disputed Points in, 

120. 101. -2^2 
floors. 1633. See ii\no Floors, 
lateral bracing for, 397 

deck trusses. 4iXi 
live loads, 1646 
loads, 164&-1664 
main members of trusses, 1641 
numlxjr of trusses. 4S.3-4H4 
plate-ginler spans. 46t>-4r»7, 1668, 1671 
moments, shears, and reactions, 412, 

415 

pin-connected, 1681 
riveted-truas spans, 1675 
stylos of, 1640 
treaties, 1643 

details for, 1683, 1684 
wofjden, origin of. liZ 
tnissi's, furnjs of. 1640 
wind loads for, 1651 
Railway gauge, 3.'».') 

Railway protilcs. estimates based on. 1361 

Railways, elevated. 54s^.'>«'t7. 1685 

Rainfall and nm-offs for jKirtions of the 

United States. 1115. 1116 
Itali ty|K' of bascule, 7(12-704. 714 

vertical lift bridge. 743 
Rarn for Ixiring outfit, 1101 
Ruiikinc, 15 

Raiikiue':* formula. 257. liliLi 



Ransome, Jffi 

Rapid transit on elevated railroads, 54S [ 

Rate of progress, 1876 

Rates, cutting of, 1605 

Rates of wages, 1756 

Rattler test for brick, 18S6-1831 

Ray. G. J., 362. 1170 

Reactions for balanced loads on rino-bearing 

swing spans. 600 
Reactions for centre-bearing swinK spans. 691 
Reactions for plate-girder spans, 412. 414. 

416 

Reaming. 32L 338, 1200, 1781 

aasemblinl trus.se.s. 1434 

connections, 1783 

necessity for. 4fi 

tenjpleti*. '^^iL 33i 
Reciprocal deflection, Mazwell's law of, 237. 
246 

Rei*onstruction of existing bridges, 1511 
planning of, 1528 
sul>.structure, 1529 
Records, 

blue-prints. 1403, 1404 
drawings, 1396, 1408 
field, 1475-1486 
daUy. 1476 
final quantities, 1485 
materiaU. 1477 
pier sinking, 1479 
pile driviiig, 1479 
shop drawings, 1401 
Rectanguhir l>eams and columns under 
P.exure and direct stress 792. 
793, ■S21H.S.33 
Rectangular beams, reinforced concrete. 
795-799 
momenta of inertia of, S4() 
reinforced for compression, Z9Q 
var>*ing depth, M5 
Rectangular footings, stresses in, iifiQ 
Rectanguljir slabs reinforced in two direc- 
tions, stresses in, 851 
Rectangular troughs, 349 
Re«l lead paint, 76L III 
Red Rock Cantilever Bridge. 5flS 

piers. 1X122 
Re<luction of live load. 344 
Reduction of .secondary stresses, 2Q1 
Redundant trending strength. 213 
Redundant menjl)ers and reactioas 213. 271 
HtM'ves. David. 21 
Refinement, degree of, 1377 
Refuge buys, .361 
Regularity in attendance. 1608 
Reichmatm, Alliert F., 32L 330 
Reinforced concn'te and reinforced-concreto 
bri<iges. ~s:\ 
tt'Sthetics in, M43 

American practice, evolution of, 2& 
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Icinfoiwd concrrtc and reioforc^id-concrpte 
bridges, 

arches. 

abutment, 

design. 94L 942. 044 

quantity data, 1S37-1437 

Btresses. 91_L 912t 
abutment piers, 042 
approximate methods of rnlciilation, 

piens and abutnjenta, 91 l-Olfi 

ri»>8, S<>H 8.H0 
arch shortening. 804i 8ZL 88L 882. 
956 

banding of ril>8, O t I 
calculation of stresses, 

abutments and piers, 011-»1S 

ribe. 8r>2-flin 
centre line, determination of. 803 
contrafloxure, point of, for arch short- 
ening and temperatim} stresses, 
870. mi 
cross struts for ribs, 044 
defects in, 116< 
deflection of. M2 

designing, 040-044. See also Calcula- 
tion. 

elliptical ribs for, S72 

equation for thickness of rib. 8fi7 

exact methods of calculation, 

abutments and piers, U15-01H 

ribs. SHO 010 
fixed ended ribs, strosaes in, 862-910 
floor jiystenj for, 04. 
hinging of, 04 1 
open-spandrel arches, 940 
piers, 

design. 041-044 

quantity datA, 1337-1347 

bUh>\ in. 1344 

stresses. Oil OIH 
point of rontraflexun* for arch shorts 
ening and temperature stresses, 
870. KSl 
quantities in, 1330-1334 
reiiiforceinoiit of. 04.'^ 
sr)lid-barrel construction, 0 i.'i 
solid-spandn'l. 040 
sul)8tructure for. 041 
temi)eraturo cflFocts in, 854. 871. 
882 

bars. See Reinforcing bars, 
beams and slabs, 
deflection of, M2 

diagrams for designing. Sr'c Dia- 
grams for Designing, 
inten.'^ities for, 1667 
varying depth, 83fi 
testing of. S.'{r> 
bents for steel trestles, eoonomicB of, 
1206 



Uoinforeed concrete and rcinforced-concretc 
bridges, 
bond. 833 
caissons. 086 
camber, 253 

cantilever beams and croas-girdera, 922- 

centrifugal loads, Q5& 
classification of. 95^ 
cofferdams, 977 
column footings, 

calculation of stresses in, 857-861 

designing of, 938 

quantities of materials in, 1316, 1828 

colunms, 

designing of, 03(>-0:^8 
quantities of materials in, 1386-1317 
stresses from continuity, 850. 8.'il 
unsup|M>rto<l lengths of, 960 

concentrated loads, distribution over 
slalie, S.">2 857 

construction joints, 950 

construction work. 046-953 

continuous beams, moment cocflicients 
for, &15 
stresses in, 842-851 

cost of materials for, 1369, 1360 

crilw, 074 

critical section for pure shear and di- 
tigonal ten.sion in l>eams »>f, 8.16 
designing. Stc Diagninis for Dcaijining 
and Quantities, 
arch spans and piers, 040-944 
cantilever lx>am8 and cross-girders, 

column f(M>tings, 03^ 

columns, 0:{<i-0:t8 

fvmdamentnl assumptions, 959 

main ginlers, *J2A 

slalw, 018 022 

Bi»ecificntion8 for, 05:{-06.'j 

wall frxttiiigs, 0.<0 
diagonal tension. ■S:t.'i-8:^6 

critical sections, 8.S6-8.jO. 061. 062 
dbtribution of concentrated loads over 

slal)N, 852-.S57 
drawings, 1382 

economic comparison of arches and 

girders. 1206 
economic conjpurison with steel bridges, 

1206 

economics of, 1189 

edge distance of bars, minimum, QQ2 

effective lengths. t)00 

effects of changes of teruijeraturo, UiZ 

expansion plates, 

main girders, 937 

slabs, 2:>1 
falsework, 046 
field work, 04ft-0.'i;< 
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Reinforced conerctc and reinforced-concreto 
bridges, 

floor system*. Sec also Floors. 

design, 918-924. QAl 

economics of, 1306 

quantities, 1321, 
footings, column, 

design. 938^ 939 

stresses in, R/>7-Sfil 
footings, wall, 

design, 939. QAH 

stresses in, g&L 8fi2 
forms, 947, 94a 

fonnuUe and diagrams for designing 
beams and slabs, 70 1 - hA(\. See 
also Diagrams for Designing. 

fundamental assumptions in designing, 

785 

girder bridges, depths of girders and foot- 
ings in, 1824 
girders, main, designing of. 924-938 
girders, quantities of materials in, 1323 
handrails, 945 
highway, 1636, 1637 
history. 283 
impact. 9aa 

intensities of working streases. 264, 957- 

959 

loads, 9.'>4-Q.'»7 

manner of loading, a38. 83^ 

minimum spacing of reinforcing bars, 

9fi2 

minimum thicknesses, QQ2. 

moments of inertia of beams, columns. 

and arch ribs in, 839-842 
monolithic structures, stresses in, 842 
notation, 785 
origin of, 

piers of arch spans. See Arches, 
piles, 1191 

principles for designing. 279. 2M 
quantities. >SV« Quantities for Concrete 

Construction, 
rectangular beams. 

diagrams and fnrmuUe for designing. 
7ai-83fi See also Diagrams for 
Designing, 
moments of inertia, 8.'^9 842 
reinforcement, 950. QoL Sec also Rein- 
forcing bars, 
retaining waU.s. See Retaining walls, 
shear and diagonal tension, S.'Vt-H.'ifi 
critical sections. ?s3G-839. 961. QQ2 
reinforcement* 8.'^3 
slabs. DIS 922 

distribution of concentrated loads 

over. 8,52-857 
reinforcement in two directions, 851. 
8.52 

specifications for design, 9.53-963 



Reinforced concrete and reinforced-concret* 
bridges. 

stresses in continuous girders, 856 

monolithic structures, hdL2 
surface finish. 
T-beams. 806. 836. 961 

moments of inertia. 841 
temperature effects, 212 
temperature stresses, 870-872 
treetles. 536 

economic span lengths, 1327 
economics of. 1191 
wall footings, 

design, 939. 9ilQ 
stresses in. 861. 862 
web reinforcement, 8.33. 962 
wind loads, 956 
working stresses, 957-959 
"Reinforced Concrete Construction," by 

Hool. im 
Reinforcing bars. 48. 1779 
areas. 199 
bends, 963 
cost, 1369. 1360 ' 
preparing and placing, 1866 
spUces and development, 963 
weights, 799 
Rejection of bids, 1882 
Rejection of project by bankers. 1697 
Relation of the bridge engineer to his pm- 

fessional brethren. 1626 
Reliability of boring evidence. 1099 
Remodeling of substructure, 1749 
Remodeling of superstructure, 1761 
Remoteness from sharp bends, 1090 
Removable cofferdams. 99Q 
Removal. 

debris, 1769 

forms from concrete, 952 
old structure, 1749 
Renewals, 1608 

bridges, description of various, 1112, 

1613 
cost of, 1362 

erection alongside of old bridge, IM, 
1611 

gallows frames. 1612 

maintaining traffic during, 1629 

substructure, 1609, 1629 

truss members. 1629 

wooden bridges. 775 
Repairing, 

asphalt pavement, 1817 

bridges, 1619, 1622 
economics of, 1626 

Fort Leavenworth Bridge. 1631 

Little Rock Junction Bridge. 1636 
Reports. 1672 

attributes of, 1673 

bridge engineeriAg. kinds of, 1672 
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Reports, 

contents of proper, 1673 
desijicn, 1574 

engineer's work (another), 1627 
examples of, 1574-1581 
field. 1476. 1485-1488 
borings, 1107 

report sheet for, 1108 
cement, 1487 
daUy, 1486 
plant. 1488 
special. 1488 
weekly. 1486 
integrity in, 1673 
sequence in. 1673 
structures, existing, 1673, 1674 
structures, projected. 1674 
style of, 167S, 1673 
valuation and earning capacity, 1674 
ftt^iuirementa for carl)on steel, 1770 
R«iuireinents for nickel steel, 1771 
PuKiiiiremeuta of the United States Govern- 
ment for bridging navigable 
waters, 1137 
Re-railiiig apparatus, 1637 
R€-railing frogs, 3r>4 
Pi*al. Jean, 1071 
Reiddcnt engineer, 

field equipment, 1488, 1489 
field office, 1768 
functions, 1466 
necessity for, 1466 
responsibility, 1489 
Heastanccs, 1704 
Responsibilities: 
accidents. 1766 
a.ssuming. 1616 

bridge engineer, classification of, 1611 
dodging, 1616 
errors, 161S, 1614 
financial, 1612 
legal, 1611, 1612 
moral, 1612, 1613 
resident engineer, 1489 
Rest piers, 770 
Retaining employees, 1609 
lU-taiuing walls. 535, 1(^1-104.'^ 
cantilever type, 1035- 1(»7 
counterforted type, ia37-1042 

design of base, 1038-1040 

loads on base slabs, 1 030 
expansion joints, 10;i7. 11M2 
pUes for, 1042 
quantities, 1300, 1317, 1318 
reinforced-concrete, 1035-1042 
reinforcing of counterforts, 1040-1042 
wall footings, mi^ H62, 939, UIO 

design, 232 . IHQ 

quantities, IiM2 

■tresaes, SOL ^ 



Retemporing of mortar, 1044 
Retreats, safety, 
Return of papers, 1882 
Returning of shop drawings, 1399 
Revenue, estimating of, 1362, 1363 
Reversal of stresses, 25iJ 
Reverse curves, 133. 1212 
Reversing stresses. 1667 

intensity for, 205. 
Revetment for shore, 

concrete, 1QQ2 
Re\a8ions in calculations, 1390, 1391 
Reynders, J. V. W.. fi9-7i 
Ribs, arch, 

determination of centre line, 8fi3 

quantities, 1330-1334 
Richards, Dr. J. W.. 90, 21 
Rider, Nathaniel. 21 
Right-angled crossings, 1090 
Right-line formula, 
Righting of caisson, 997 

East Omaha Bridge piers, 1073 
Rigidity, Z42 

importance of, 2fiS 
Rim-bearing swings, tracks, rack, rollers, and 

centre-casting for, 1713 
Rio Grande Bridge, Costa Rica, 632 
Rip-rap, objections to, 1212 
Rip-rapping, 970 

piers, 996 
Risk, contractor's, 1766 
River l)eds, scouring of, 1120 
River conditions, 1764 
Riveted bridges, old type, 

advantages, 74S 

disadvantages, 747 
Riveted connections, 

laterals, 322 

plate-girders, 445 
Riveted-ginler spans, 1674 
Riveted tension members, net sections of. 

Riveted truss bridges, .31 

advantages, 748. 74<> 

details of denign, 1676 

highway, 1680 

limiting lengths, 749 
Riveted versus pin-connected trusses, 31^ 
747 

Rivets and riveting, 1666, 1666, 1781 

arrangement of sections for, 493 
bearing, 310 

l>caring values, tables of, 325 
diagrams, 519. 52Q 
direct tension, 270 
chrome-vanadium steel, M. 
eccentric loads on groups of, 298-301 
field. 276, 1782 
grips. 333 

heads in cover-plates, 42S 
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Kivets and rivetins, 
high alloy steels, 84 
holes. 1781 

number to bo deducted, 512 
intensities, 2M 
Liying out, 2Si& 
lining-up, 22E 
long. 31 
loose, 1433 

detection, 1617 
momenta on, 298 
nickel steel, 01 

pitches in plate-girder flangee, 432- 
441 

cantilever beams, 43G, 444 
component parts, 437, 43S 
curved flangeu, 437 
inclined flanges, 433 -43G 
variation througiiout girder, 438- 
441 

vertical loads, 437-438 
spacing, 222 
splices, 511 
shearing, 310 

shearing values, table of, 225 

special points abuut. 1423 

testing. 143S 

unneceasarj'. 503 
Road roller. UM 

weights. 118 
Roadway lights, 1797 
Ruadways, 

crowning, 372. 373 

drainage, 373, 1835. 1836 
Robinson. A. F.. ML 349, 1067 
Robinson. Professor S. W., 121 

formula for the effect of vibration, 
124 

Rock dams, 973 * 

Rock Island Bridge draw span, sprocket 

chain gearing for, 1067 
Rocker bearings, sUding, 459 
Rorker ends for plate-girder spans, 4.'>.3 
Rocker shoes, 545 

plate-girders, 454. 455 
Rods, adjustable, 288 
Rods, reinforcing. See Reinforcing bars. 
Rocbling, John A., 2L 22 
liolled carbon steel, 45 
Rolled I-beam bridges, 40K 

designing, 400 

details of design, 1667, 1668 

economics, 410 
Roller bearings for swings, 1717 
Roller bearing type of Imscule, 701 
Roller nests for swing spans, CAHi 
Rollers. 455-45?^. 1786 

bases, 457. 458 

dust guards. 450 

expansion, fur truss s(mids, 1679 



Rollers, 

plate-girder apons, 45J>-458. 1671, IfR 
round, 456 

segmental 33L 455i 456 

swing-spans, 1714, 1716 
Rolling brick pa>'ing. 183S 
Rolling lift type of bascule, ZQl 

erection, 225 
Roman, 

arch sewers, ID 

bridges, (L ID 

cements, 55 

masonrj- arches, S 

substructure, 12 
Roof of working chamber, 1048 
Rope. See also Tables for Designing. 

dressing, 1791 

operating, 1728 

sockets, 312. 313, 1719, 1789 

supports, 1728 

wire, 49. See also Tables for DwipiM 

swing spans, 1718 

tables, 310, 311 
Roper, Oscar, 717 
Rosendale cement. 55 
Rostoff (Russia), Lift Bridge, 740. Til 
Rotating cantilever draws, 6G5. Q£& 
Rotating draws. 1686, 1687 
Rouen Britlge. 073 

Round bars, weights and areas of, 7M 
Round-endtnl girders, 223 
Round nillers, 450 
Routing of freight, 17M 
Royalties, 1765 

Rulirort (Germany) Bridge, 598 
Running-plates for rails, 353 
Run-off, 

author's reconuueudation coocrais 
1136 

average, for the United States. IIIT 
formula, divergence of results ol, UU 
methods of figuring. 1118, 1119 
records, 1115 

various portions of the United Suu 
1115, 1116 
Runways, 1769, 1841 
Rust joints, 088 
Rusting. 1517 

bridges, 1622 

steel, Ifi5 

8 

St. Chartes (MiiMouri) . Bridge failure. 
St. John & Quebec Ry. Vertical Lift hnJ 

743. 145 
St. Louis Free Bridge, 21 

nickel steel for. 01 
Safety in pier designing, 922 
Safety retreats, 542 
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Sags in Kradc, 1091 
Sag!) ill track. ISIS 
Saint-Venant, 14 

S:iJoni, Fulls City, and Western Ry. Lift 
Bridgo at Salom, Orr., 7'.i7, 74 1 

Salesmanship. 1691, 159S 

S;ilt in roncrotc. cfTwt of, 1044 

S^unples of a><phalt paving. 181S, 1818, 
18SS, 18S3 

Sand, 

asphalt pavement, 1811 

concrete, M 

specifications, 1861 

washing, 1044 
Sand-bars, making borings on, 1106 
Sand blast. TM 
Sand cushion. 3fi8 
Sand filler. 3fiS 

Sand Point (Idaho), Lift Bridge. 22i 

San Francisco Bay. proposed c^intilover 

bridge. 008-610. 614. fllfi 
ScafToIding for borings, 1104 
Scale or proportion of parts, 1160 
Scales for drawings. 1380 
N'hedule prices, 1886 
Srhedulcs of charges, 160S-1604 
Scherzcr Rolling Lift bascules, 701-703. 714. 

7ir. 

Schneider, C. C. 3Q. 120. 608, 042, 670. 
683. 686. 687. 141S 
formula for impact. 120 
Schuylkill River Bridge. Philadelphia, 
21 

Schwedler truss. 468, 42fi 

Sciotoville Bridge over the Ohio River. 25j 

26, 3L 47L 4J52 
Scope of contract. 1869, 1870 
Scouring. 995, 11S8 

determination of probability of. Qfifi 

river beds, IISO 
Scows for borings, 1097, 1104 
Screens, 3^ 

bridge floors, 380 
Screw, 1730 

piles, mi2 

spikes, 362, 3fi3 
Sea worms, effect of, ZSQ 
Seals. 1886 

Seaman. Henr>' B.. 127 
Seats for shoes, 4.")9 
Second-class masonry, 1863 
Second coat of paint. 766 
SH"ond Narrows Bridge, at Vancouver. B. C, 
343. 1076 

Secondary stresses. 17H-210. 212;i221i 
avoidance of, 200 
cantilevering. effect of, 202 
classification of. 170 
correction of. 203, 1784 
history of, lii 



Secondary stresses, 

K-systcm of trussing, ISA 
Petit trusses, IM 
pins, effect of on, 200 • 
reduction of, 2t)l 

short method of computation for, 181. 
1H5 

. Secrecy, 16S9 

promotion, 1699 
Sections, 

arches, QIS 
metal. 41 

not, riveted tension members, 29i>-298 

truss members, 489-503. 52ii::53Q 

unusual, id 
Securities, guaranteeing of, 1699 
Seepage, 975, 10.59 

injury to metal by, 769 
Segmental rollers, 337, 455, 45Q 
Selection of layout, 1088 
Selection of type of cofferdam, 98Q 
Seltser, IL K., 1463. 1613 
Semaphore lights, 1800 
Semi-cantilevering, 574. 575, 577 

camber for, 252 

method of erection, 1074 

secondary stresses due to, 202. 
Semi-circular stone arches, lH 
Sense of fitness, inherent, 2fifi 
Ser\nce lights and roadway lights, 1797 
Service of bridge engineer, value of, 3Z 
Settlement by court. 1617 
Sewers, maintenance of, 176S 
SewickJey Bridge. 596 
Seymour. Silas. 21 

Shafts and shafting, steel, 17S8, 1779 

cold-rolled. 337 

forged. .'^37 

tower-sheaves, 17S1, 
Shafts of piers and i^edestals, 

batters of, UiHl 

designing of. 11121 

piers, 1020. 1023. 11151 

reinforced-concrete bridges, 354 
Shallow floors. ML 353, 123 
Shallow foundations, allowable pressures on, 

9m 

Shapes, stnictural. origin of, 12 
Shear. 

inten-sities for. 25Z 
lacing, 22Q 
maximum, 

criterion for. 162. 164 
plate-girders, 412. 418 
pin.s. 264, 1668 
plate-girders. 412-416 
reinforced-concrete beams and slabs, 
1667 

rivet**, tables of. 325 
tinilvr iMvirus, M)* 
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Shear and diapconal tension in reinforced 

concrete, Qfil 
Shear, bond, and web reinforceweut, 833 
Shear-pole draw bridge, QfiS 
Sheared edges, .S39. 1780 

planing of, 'd2& 
Sheathing, IMH 
Sheave, 

deflecting, 1726 

hoods, 1722 

tower. 1720, 1721 

bearings, 1722, 1789 
shafts, 1721 
Shedding pigment, TCtTt 
Sheet piling. 974, 1011. ini3 

Bteel, 077 
Shelf angles on floor-beams, 377 
Shelter houses. 1840, 1841 
Shelves, erection. 330 
Sherwin and Williams paints, 771 
Shifting of channel as affecting layout, 
1216 

Shimming of ties, 3(K) 
Shims. 1731 
Shingling. 51S 
Shipping, 1766 

boring tools, 1106 
plate-girder spans, 400 
Ships, loading metal on. 1766 
Shock of falling span, 1077 
Shoes. 5^1^ m 1680 

eccentric loads on. 304-30fl 
plate-girder spans, 4.52 -4fiQ 
adjustment. 459. 460 
fox-lK)lts. 453^ 454i 45Z 
grillages, 4"t0 
grouting, 459. 4()0 
masonr>' plates, 453 
roller and rocker shoes. 455-458 

size of h>ase retjuired. 457 
sliding bearings, plain. 454. 4 58 
sliding rocker shoes. 454. IULI 
types of liearings, 4."),3 
truss spans, 532. 533. 1680 
Shogun's Bridge at Nikko, Japan, L & 
Shop drawings, 

checking. 1386, 1396, 1398, 1402 
tiling. 1402. 1411 
record. 1401, 1409 
returning. 1399 
Shopwork, .327 

affecting bridge design, 32fi 
in!4|x?ction, 1422 
Shore protection and mattress work, 105.S. 
1866 

Short-leaf yellow pine, 02 
Shortening of arches, SM 
Shortening of stringern. 2119 
Shrinkage of timber, ZZ2 
Shrublx^ry, 1166 



Shunk, Major F. R., 24Z 

Side friction on caissons, 964. 967. SOfi 

Side plates, 328, XiH 

plate-girders, 437 

tniss members, 495 
Side-tracks, 1763 
Sidewalks, 372 

concrete. 1836 

drainage. liZ2 

flooring. 372, 1836 
Siemens-Martin process, 17 
Signals, 

bells, 1802 

bridge traflfic. 1707, 1708 

lights. 1800 

na>'igation, 1707, 1708 

vessel, 1801 
Signatures, witnesses to, 1886 
Silicon, steel, 28, 88, 1266 

economics of, 89 

excess cost of, 88 
Simple truss bridges, 468 

cambering of. 754. 75.5 

converted into a cantilever structure, 
1079 

longest, 25 

Mayarl stwl, 21 
Simplicity. 21iZ 
Single-angle connections. 293 
Single-concentration niethod. 170 
Single-intersection triangular truiH. 468. 470. 
411 

Sink-fascines, 1061 
Sinking caissons, 999 

bed-rock, Wm. 

lx)ulders. 992 

clay. 993, 22& 

cost of. 9S2 

limiting amount of per day, QS2 

record of, 1479 
Sinking piles by water jets, 11115 
Sioux City Bridge triangulation, 1463 
Siren, electric, 1801 
Skew bridges, 271, 333, 334 

arrangement of panels and trusses, 484— 
4H8 

numlx'r of trusses in, 484 

polygonal top (-hords, 487 

portids, 40.3. iUli 

scjuaring ends of in floor system. 
Skew cros.sitigs. 1212 
Skid girders. 5.33 
Skiff for Ijorings. 1106 
Skinner. F. \V.. 4.')4. 4.'>.5 
Skinning structures, 29 
Slal>s. 

concf-ntratcd loads, distribution over, 

■s.v'-k:.7 

counterfort<^^ retaining walls, loads on, 

1 (!.{'■> 
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Slabs, 

designing of, Q1& 
pouring of, Qa2 

reinforced in two directions, strcesos in. 

Slater. W. A., 853^ ii^ 

Sleeve nut«, stiiggcring of, 336 

Slcttum. E. A., 792, H4H. >m 

Slide rule. 1376 

Sliding banks, 1074 

Sliding bearings for plate-girders, 458 

Sliding friction, 1032 

Sliding joints in trestles, 539 

Sliding rocker bearings. 452 

Slope of stream, 1120 

Smith, M\>cn Henry, Qlfl 

Smith. C. E., 1643 

Smith. C. Shaler, 25, 2L 29, 008. 1072 

Smith, Latrobc & Co., 2Z 

Smith, T. A., 2m 

Smith, W. M.. Mi 

Smoke protection, 1662, 1841 

Sockets, rope, 312, 313, 1719, 1789 

Soft steel, lii 

Soils, 

characteristics of. IQIQ 

compacting of, UX)S 

equilibrium of, 1010 

permissible pressures on, 064 
Soldiering on work, 1683 
Soldiers marching, efTect of, 1 17 
Sole plates, beveled. 1067 
Solenoid brakes. 1703, 1797 
Soliciting work, 1606 
Solid, 

barrel arch ribs, 

deck floors. See Hoors. 

drilling, 334 

rib arches, t>3r> 

spandrel arches, 940 

webs, 331 
Solitary bents, 211 
Soundings. 1147 

Sources of supply for materials. 1766 
Southern Pacific Lift Bridge, 728. 731 
South Halsted Street Lift Bridge, Chicago, 
718.72() 

Spacing, 

columns, economics of, 1194 

counterforts, 1042 

girders, 409, 1637 

reinforcing bars, minimum, Q62 

stringers, etc, 1637 

ties. Ml 

towers. ML 542. 1644 

tracks. 355. 1639 

trusses. 4H3, 1638 
Span lengths, determination of, 1371 
Span lengths, ec«)nomic, 1187 
Span-lock.") and buffers, tTM 



Span renewal by barges, 1510 
Spandrel, 

girders and columns, quantities for, 
1329 

walls, quantities in, 1330, 1331 

Spandrel-brace<l arches, 63(5 
Special material, 332 
Special ref>orts, 1488 
Specialists, 41 
Specialization, 36 
Specialty of bridge engineering, 36 
Specific clauses in specifications, 1550, 
1651 

Specific gravity test for asphalt, 1821 
Specifications for design and construction, 
asphalt, 1809 

bridges and subways, by Seaman, 127 
maimfacture and erection, 1741-1891 
piers, abutments, and retaining walls, 

design, 1(M5-1()57 
reinforced-concrete bridges, design, 953- 

063 

steel superstructures, design, 1632-1740 
Specifications in general, 1548 
adherence to in bidding. 1869 
common sonrtc in interpreting. 1566 
contracts, dividing lino with, 1557 
definition. 1548 
designing. 1656 
favoritism, avoidance of, 1554 
filing of, 1386 
first printed, 23 
function of, true, 1551, 1552 
general clauses of, 1548, 1549, 1550 
importance of, 1549 
language in, 1553 

manufacture and oonstniction, 1556 

necessity of, 1550 

objects of, J 548 

precision in, 1555 

salient features of good. 1552 

specific clauses of, 1550, 1551 

spirit of the 1757 

without plans, 1551 

writing, foundation of. 1549 

writing, teaching of. 1549 
Specimens for testing, 1773 
Speed of train. 133 

critical, 124, LJ6 ' 
Spikes, 362. 303, 
Spilsbur>'. E. Gybbon, 662 
Spiral, 355 

Spiral approach to Havana Harbor Bridge, 

1076. 1157 
Spirit of the specifications, 1757 
Splices, 507-512. 517. 518 

columns. 338 , 

compression chords, 222 

development of reinforcing bars, 963 

flanges of plat^-girders, 421 



INDEX 



xciv 

splices, 

location of, 508, 51Q 
panel points, 5JLZ 
partial, 532 
platogirders, 
field, Mm 
flanges, 421 
web. 420, 447 ^r>2 
design. 4.'>() 452 
loads, 447, iSQ 
types. 447-449 
plates, bending stresses in, 
rail, 35& 

rivet-spacing in, fill 
timber, 772 
truss, 

analysis of, 507 
bottom chord splice, O.-W. R.R. & N. 

Go's bridge, 512 
butt, 508, ^lO-firi 
compression. 518 
lap, 5m, 5in-r>i7 

design of tension lap splice, 512- 
511 

location, 508-510 
number, .508-510 
field. 508-509 
shop, 
panel pK)ints, 517 
plates, arrangement of, 511 
rivets, 511 

arrangements, 511. 512 
compression. 511 
tension, 511-512 
net section, 511 
table of holes out, 511. 1112 

types, 5QS 

webs of plate-girders, 420. 447-452 
Spread. 

footings, 1028 

spans, 1074 

tracks, 537 
Springs, encountering of, 9Z2 
Spur dykes, 1058 
Squad Imsses, 1391-1393 
8<iuad work, 1391-1393 
S<iuare bars, weights of. 799 
Square-column footings. 838 
Square-ended girders, 333 
Square ends. .331 

Squaring ends of skewed structures, 3M 
Stadia, u^? of, for hydrographic surveys, 

1147 
Staging. 1769 

pier location. 1471 
Stairways. 1734, 1841 
Standard. 

dimensions, 332 

Kauge, 

sections, rT(»nomic» in using, 1901 



Standard, 

sheets, 1396 

widths for bridges, .332 
StAr struta. 27il 
Starting work, 1884 
State bridf^ engineers, 1535 
State Highway Commissions, .30 
Statham, U. HeathcoU\ 1163 
Stations of elevated railroads, 54& 
Status of bridge engineering, 1601, 1601 

highway bridge building, 1632 
Stey plates. 274, 285, 493, 505 
Steam hammer, 1015 
Steel. 

acid open-hearth, ifi 

alloy, 2S^ 5Z 

maximum strength of. 58 

aluminum, 82 

arch piers and abutments, 1344 
arches, cambering of, 760 
bending tests, 1774 
Bessemer, 4fi 
bridges, 

life of, aZ 

origin of, 17, 2Z 
cables, weigh ta of, Qfi 
caissons, 990 
carbon, 45 * 

content in, 40. 

requirements for, 1770 
castings. 48, 1777 

annealing. 338 
chrome, 58 
chrome-nickel, 58 
corrosion in salt water, 986 
drifting testa, 1775 
erection, 1848 
error, limits of, 1784 
finish of, 1776 
fracture of, 1775 
hand-rails. 1786 
Hay. 5Z 
high, i5 

intensities for, 257 
manganese, 52 

Mayari. 08. Se^ also Mayaif steel* 

medium. 45 
nickel, 28, 5L 68 

brittle lone. 01 

composition, 60 

elastic limit. 59, 60, 91 

experiments by author. 58 

eye-bars, 61, 93 

manganese, 01 

plate-and-shape, 61^ ^ 

price. 00 

requirements, 1771 
rivets, 61 
weights, 61 
number of test pieces, 1774 
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Steel. 

open-hearth, origin, IZ 
piles, im2t 
purified, 72 

excess cost of, Z3 
rails, inspection of, 1440-1442, 1447 
reinforcing, cost of, 1349, 1S60 
rusting, TfiiS 
sheet piling, 977 
shells for piers, 

maintaining form of, 1869 
silicon, 28, 88, 2fi5 
soft, 45. 

stringers for highway floors, 3fi5 
superstructures, specifications for de- 
signing, 1632 
tapes, 1786 

triangulation with, 1466 
testing, methods of, 1772 
ties, 363, 3111 
trestles, 536 

heights of, M2 
vanadium-carbon, 82 
weight of, as 

weights of, in superstructures. 1219 

working stresses for, 1666, 1766 
Steinman, Dr. D. B.. 655, 656, 659, 1207 
Stenographic work, 1388 
Stephenson, Robert, 17, 23 
.SteubenWlle Bridge, Ohio, 2A 
Stewart, L. 8., 1613 
Stiffeners, 

crimping of, 328. 42L 1203 

end, 444-447, 464, 467, 1670 

I-beam spans, 301 

intermediate, 42L 430, 1670 

tight fit for. ML 339, 421 
StiflFening of long struts, 3flll 
Stiffening trusses of suspension bridges, 

alloy steel in, 655 

ambiguity in, 659 

economic depths of, 655 

intermediate hinges in, 655 

spacing of, fi.'>6 

weights of, 650-653 
Stock, 

amount of, 1698 

bonus, 1607 

promises, 1600 
Stock material, inspection of, 1437 
Stock-ramming, 976 
Stone, 53 

arches, semi-circular, lH 

asphalt pavement, 1811 

block pavement, .'^70 

broken, specifications for, 1861 

concrete, 53 

dust, 53 

masonrj', inspection of, 1463 
masonry piers, 1D2U 
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Stone, 

testing at crusher, 1470 

weight of compacted, 26 
Stopping leaks in cofferdams, 976 
Storage facilities, 1763 
Storing materials, 1886 
Straightening, 332, 1781 

channels, 1090 

metal in rolls, 1431 
Strait of Canso, proposed cantilever bridge 

for, 593, 1160 
Strap-plates for cantilever beams, 379. 380 

plate-girder splices, 449 
Strauss, J. H.. 116 

trunnion bascule, 704. 705. 714. 715 
heel-trunnion bascule, 706 

vertical lift bridge, 74.1 
Stream conditions us affecting layout, 
1216 

Stream meanders, 1091 
Stream, slope of, 1120 
Street railroad tracks, 1638 
Strength of timber, 772 
Strengthening cylinder piers, 1630 
Stresses, 

alternating, 255 

analysis, origin of, 

arch ribs with fixed ends, 862 

bearing, 255 

bending. 203 

cantilever bridges. 570-572 
coefficients for trusses, 171-177 
combinations of, 250, 960^ 1376, 1668, 
1669 

swing spans, 1689, 1690 
computation, 

coefficients for trusses, 171-177 
coucentrated-wheel-load, method of, 
160. 161 

equivalent uniform load method of, 
IM, 165 

methods of, 158 
diagrams, 1379 

old bridges, 1619 
frequency of application of, 2Z5 
indeterminate, 

avoidance of. 217. 226 

locations of. 223 
lateral systems. 175-177. 387 
longitudinal deformation of chords, 
•20K 

monolithic structures, 842, 961 

oft-repeated. 255. 

reversal of. 253, 1667 

temperature, 210 

theory, origin of. 13 

trusses, coefficients for, 171-177 

working. 1664. 1667 
Stretch of ropes, 1719 
Strictness of inspection, 1764 
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Stringers, 

(UTangomcnt, 375. 376 

bracing, 294, 395^ 405 

brackets, .'^7G 

connection angles, 376 

connections, 3211 

connections to laterals, 399. 4QQ 

continuity, 21fl 

coping, 375 

equivalent live loads, 

fillers under ends. 302, 376, 3ZZ 

fitting. aZfi 

flanges, 323 

fnuning in, 329 

iron, origin of, 24. 

lengths, 3Zfi 

milling, 3m 178S 

number per track, 3t5A 

pile trestles, 774 

railway truss spans, 1676, 1677 

shortening. 209 

spacing, 1637 

timber. 369, 714 
Strobcl Steel Construction Co., 716 
Structural, 

hand-rails, 383, 384 

shapes, origin of, 17 

steel, limits of error in. 1764 

supiKjrts for machinery, 1697 
Structure, layout of, 1372 
Structures, noiseless, 348 
Strut connections, lateral, 293 
Struts stiffening of long, 3iK) 

star, 279 
Styles of highway bridges. 1640 
Styles of railway bridges. 1640 
Su»)di\-ided panels. 4JJ0. 4iil 
Subdivided triangular truss. 471 
Subletting of contract. 1666, 188S, 1885 
Submission of plans by bidders. 1629 
Submitting plans on approval, 1623 
Sub-punching, accuracy of, 1436 
Sub-punching and reaming, 327. 338. 

1782 
Substructure, 

construction expenses, 1366, 1367 

reconstruction, 1629 

reinforcod-concrete arches, 941 

remodeling of, 1749 

renewal, 1509, 1529 

Uonian. 12 
Successors and assigns. 1563 
Suggestions to contractor. 1470, 1471 
Sukkur Bridge, India, 1179 
Sumps, 97H 

Sunday contracts illegal, 1671 
Superelevation. 3a^ 

crowned roadways, 372. 373 

curves, 1637 

effecta of. 132-134 



Superelevation, 

electric railway lines, 134 

shallow floors, 353 
Superstructure, 

remodeling, 1751 

specifications for designing steel, 1631 

weights of, steel in, 1219 
Supply cables for swing spans, 1706 
Supply shaft. 1006 
Supports, 

machinery, 1697 

operating ropes, 1726 
Surcharge, 10.32 
Surety' consent, 1885 

Surface finish of reiuforced-concrete work, 
933 

Surface of concrete, method of formiiME, 
1853 

Survey, 

preliminary, 1088, 1091 

hydrographical. 1091 

na\ngable waters, bridging of. 1147 

topographical, 1091 
Suspended si>an, economic length of, 
1198 

Suspending cables for vertical-lift spans, 
1718, 1719 

Suspending of caissons. 994. IflOO 
Suspension bridges. 647. (M9 

American, principal. 21, 23 

anchored ends, 054 

backstays, 65S 

camber, 752, ZfiJ 

cantilever bridges, economic compartsoo 

with. 1206, 1207 
conditions calling for, 653 
detail for saspendetl spans. 1077 
development. MH 
economic cable rise. 656 
erection. 1506 

greatest prarticablc span length, 656 

hoisting. 1077 

iron chains. 6 

longest, 659 

origin. 6 

prototjTjes, 3 

stifTening trusses, 648 

maximum bending, 650 

maximum shear. 650 
stresses in towers, 65ii 
study, 602 

suspension detail, 1077 
towers, 05S 

weights of material in. 65G, ^3. 

WheeUng. 21 
Sway bracing. .^7 

connections. 506 

deck bridge. 1642. 164S 
Swelling of timber. 773 
Swensson, Eric, 669 



Swing spans. 004, GS4-099. 16«6, 1687 
adjusting, (Mia 

anchoriPK. 154^ 693, 1076, 169S 
bearing-blocks under drums, 1694 
bob-tailed, t>f>4 

Boiler's formula for power, fi89 
camber, 753, 761, 1692 
centre-bearing, 690, 1695 

centre wedges, 1717 

distribution of load. fiS7 

pivot, tracks, rack- and rollers, 
1716 

classification, 0H4 
comparative coats, fiQ8 
comparative weights, 008 
comparison with bascules, 1208 
comparison with vertical lifts, 1208 
deflection, 1692 

double-rotating cantilever. 005. Gfifi 
drums, 088, 1692 

designing. 091-093 
economic functions of, 1194 
end Ufts. 095, 1717 

machinery, 1724 
equalizers for driving-pinions, 6S3 
aoating, 084. 1073 
latches, 1718 
live-load stresses, 089-091 
loading-girders, 1692 
loads, 1687-1689 
machinery, 1726 
man-power machinery, 097 
percentages of weights of metal in, as 
compared with simiilo spans of 
same length, 1249 
power, 1698-1700 
racks. 1715, 1716 
rail lifts, lififi 

reactions for balanced loads, rim-lK'aring, 

090 

reactions for centrc-l)earinK. 021 
rim-bearing vs. centre-lK'aring, 085. 080 
rim-bearing, 

centre-casting, 1715 

tracks, rack, rollers, and centre-cast- 
ings, 1713 
rising of ends. 094. 695 
roller l)earings, 1717 
roller nests, (i90 
roUers. 1714, 1716 
rust joint^j for drums. 088 
stress-combinations. 1689, 1690 
styles of trusses, 1686 
trusses, details of design fur. 1691 
wedges. OliO 

weights of metal for, 1242-1249 

wind loads. La4 
Switch points! for creeping of rails, 357 
.Switches and switch-board 1706, 1796 
Switches, limit, 1706, 1797 



INDEX xcvii 

Symmetry, 273, 274, 1165 
Systcmixation, 2fiii 

T 

T-lieams. reinforced-concrete, 806, 836. QQl 

momenta of inertia of. Ml 
Tables for designing and detailing, 
accuracj' of calculations, 1377 
bars, reinforcing, weights and areas, of 799 
concrete, 

coefficient of elasticity, 359 
strength of mixtures, 23Z 
unit stresses, 9S& 
weights and areas of bars, 799 
cost data. 

material delivered at bridge site, 1359 
material in one cu. yd. concrete, 1356 
material in place. 1355, 1360 
Dun drainage table. 1112 
engine diagram. Class 5(1 loading, 103 
foundations, 

arch bridges, concrete, piers and abut- 
ments. 1339 
cylinder piers, 
bracing, 
highway, 11155 
roof thickness, pneumatic caisson, 

working chamber, 11M9 
safe loads, Om 
machinery, 

gears, factor of strength y for, 1711 
gears, pitch diameter. 314-321 
hand brakes, value of for, 1706 
unit stresses, 1710 
wro ropes. 

allowable variation in fabricated 

length, 1719 
l)onding stresses in, 211 
profjorties of. HH> 
sfx'ket.s ff>r, 312, 213 
weight of. •'^10 
plate-girder flanges, 

area and weights of cover-plates, 426 
centre of graWty, 424. 425. 427 
make-up, no cover-plates, 430 
make-up with cover-plates. 4'2^ 
unsupported length. 431 
plate - girders, .spacing of stifTeners for, 
1670 

ra<Jii of gjTat'on, approximate, 504 
reinforced-concrete. Sec concrete, 
rivet holes de<Uicted from built-up mem- 
bers, 512 
roller shoes, dinien.sion of, 4.'')7 
btres.sos in tnisscfj. coefficients for 
chords of lateral .system, 1 77 
diagonals of lateral sy.stem. 176 
live-load reactions. 109 
Pratt tni.sses. 171 

triangular or Warren trusses, 172-174 
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Tables lor desiffning and detailing, 

swing bridges, ratio of uplift to doad load, 

1650 
tics, railway, 

allowable span lengths. .3fi0 
sizes for various loadings and span 
lengths, 3.'>fl 
timber, unit stresses for, 776 
trusses, 

spacing for railway deck bridges. 1688 
weights, formulffi for, 1287 
unit stresses, 

bearing on carbon steel pins, 223 
bending on carbon and nickel steel 
pins, 32i. 

compression for carbon steel, 322. 323 
concrete. 958 

cocfhgient of elasticity, 0511 
strengths of mixtures, Q.'>7 
increases in intensities for combina- 
tions of loadings, 9C0 
shear and bearing values for carbon 

steel rivets, 32^ 
wire ropes, 310. 311 
waterways required for drainage areas, 
Ills 

weights of reinforcing rods, 799 
Tacoma City Waterway Vertical Lift Bridge, 
734. 135 

Tallx)t, A. N., 830, 85L 858, BOH 

formula for discharge area, 1118 

precipitation formula, 1118 
Tap-bolts. 1781 
Tapes, steel. 1786 

temperature effect on, 1457 

testing of, 1457 

triangulation, 1456 
Targets; 1467 

Tar paper for plank floors, 3fi8. 
Tees, m 

Tehama Lift Bridge, 228 
Telescoping connections. 508 
Telescoping of cylinder piers, 1020 
Temperature, 

changes in reinforced-concrete bridges, 
9.'»7 

effort.s. 1654 

reinforced-concrete, 212 

arches. 804 
tupe», 1457 
strcHses. 2ili 

hingeless and two-hinged arches, 212 
rcinforccd-concret© bridges, 870-872. 
882. QdI 

Templates \ 
Templets j ' 

reaming to, 334 
Temporary bridge. 1748 
Temporary lay-out for East Omaha Bridge, 
1073 



Temporary omission of cantilever brackets. 
1073 

Tenders, 1879, 1880 

weights of locomotive, 1(X) 

withdrawal of, 1881 
Tension-chord joint, designing of, 521 
Tension lap-splice, designing of. 512-515. 517 
Tension members. See Trusses, memberB. 

net section of. 205-298. 1658 
Tension straps. 380 
Teredo navalis. 780, 970 
Terms, meaning of. 1882 
Testimony, expert, 1624, 1625 
Tests, 

asphalt. 1809. 1818 

brick. 1826. 1831 

broken stone, 1470 

concrete, 946, 1468 

eye-bars, full-sised, 1775 

foundations, 1518 

full -sized built members or detaik, ITTt 

hardness of concrete, 953 

impact, 121-123. 1518 

materials in existing bridges, 1516, 1517 

methods of, 1772 

old ma8onr>', 1518 

old timber, 1518 

pa^ang, 1818, 1828 

percentage of voids, 1467, 1468 

piles. 1009 

rivets, 1482 

spans, 1518 

specimens, 1778 

steel, 1772-1777 

number of test-pieces, 1774 

steel tapes, 1457 
Thatcher, Edwin, 15^ 28, 258. 1066 

formula for columns. 2.'>8 
ThebM Bridge, 509, 598, 1067. Il56 
Theorem of four moments, 215 
Theorem of three moments, 215 
Theory of stresses, origin of, 13 
Thickening of webs, 333 
Thickness of concrete arch ribs, equation for. 
Sfi7 

Thickness of metal, minimum. 1661, 1S80 
Thickness of web-plates of comprtssion- 

members. 1677 
Third coat of paint, 700 
Thompson River (B. C.) Bridges. 57L 5IS 
Thread.<<. 1785 

Three-hinged arches, 020, e2L €30 
Three moment.", theorem of, 215 
Three-tru.s.s bridges. 484 
Through plate-girder spans. 4fi5 
laterals for, 394 

ties supported on Imttom flange. 353. 
Through tru.Hs spans, weights uf metal ixi. 
1223-1285 

Thrust angles for cantilever beams, 380. 43Q 
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rbrust castings (centring castings), 17SS 

Tnrust of earth, ia34 

Ihrust of trains. 27L 400, Ml 

bracing to resist, 1677 

detailing for, 2^2 
Thurlow Street Bridge, design for, Vancouver, 

B. C, 1175 
Tiial action, utilisation of, 1510 
fidewater Railway formula, 1113 
Tv plates. 329, 33L 362, 1634 

A. R. E. A. recommendations, 3fi2 

for tmsfi members, 1678 
ri^. 1633 

J>evelled, 3fiQ 

V>oring for spikes, 3fi2 

l>ottom flanges of through girders, 3ii3 

concrete, 3fiii 

crowning of roadways, 372, 373 

curves, liliQ 

dapping, SiiQ 

inspection, 1469 

lengths, 3fil 

manufactured, 363 

ou parapets, 3ril 

quality of timbers, 3fil 

refuge bays, 

shear in, ;ijJ2 

shimming, 360 

Mhims on floor-lieanis, .3fil 

sizes, 359-361. 369. 370 

spacing. 360 

steel, 303, 3IQ 

tables for. 359, 3fiQ 

treatment. 361 
Tilting of car. lAH 
Timlier, 52. 1804 

arch bridge over the Danube River, HI 

l>cams, figuring of, 
bending. 303^ 3iM 
shear. 302 

bridges, longest span, 12 

caissons. 9,SK 

construction in general, 1840 
creosotcd, 77."> 

crib for draw protection, 7S0 
cribs and caissons. 104S 
floors. 365, 360. 1633, 1634, 1635 
hand-rails. liKi 

inspection, 1450, 1453. 1469. 1470 

piers. 10-26 
pile piers. 1057 
X>»jrtions of bridges. 1632 
preaervatiotj of. 1806 
resistance to nioi.stwro of. 772 
shear, lungitudiiial, in lH>ams, 3112 
shrinkage of, 77:^ 
sidewalks, 1836 
splicing of, 222 
strength of, 772, 776 
stringers, 774 



Timber, 

swelling of. 711 • 

testing old. 1518 

track, quality of, 

treated, 775 
for floors, 

treatment of, 3M 

trestles. 536, 772, 773, 22fi 
approaches. 1866 
origin of. 21 

unit stresses for, 263, 1046. 1047. 1656 

use of in bridges, 52, 53 

weights of, 25 
Time cards. 1405, 1406. 1407 
Time considerations as affecting layout, 1S15 
Time estimates. 1363 
Time of completion, 1875 
Time-records, 

calculations. 1407 

office drawings, 1408 

shop drawings, 1409 
" Tin" bridges. 1533 
Tin plate. 5Q 

Tipping of caisson. 996. 997 
Titanium in steel, 8fi 

effect of, aa 

in vanadium steel, 85 
Titles for drawings, 1381 
Toch Brothers' paints, 771 
Toe walls, designing of, 1038 
Toggles for end lifts of swing spans, 1718 
Toledo, (Ohio) Bridge over Maumee River, 
9H0 

Tomlinson, Joseph, 607 

Top chords. See also Trusses, members. 

curvature, 479, 4S0, 48L 488, 1176 
examples. 4 HO 

curved, 479. 480 

span length to change from parallel 

chords, 479 
skew spans, 4S7 

heating of. 212 

polygonjil. lia, 480, 48L 
Top flange bracing. 395 
Top-lateral system. 400. 4a5 
Topographical survey. 1091 
Tops of pier bases, elevations of, 1051 
Tops of vnaduct columns, .339 
Torsion, 2^ 

on nienil)crs, 212 
Tower Hridgo, London, 701. 1164 
Tower sheaves, 1780 

iK'aring (■(inniM'tiotts. 1789 

jfiuriml-fs'iiriiigs, 1722 

^Imfts. 1721 
Towers. 

anchoring. 2111 

bracing, 539 

cohunns. batter for. 540 

girders in, 3.iS. 339 
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Towers, 

spacing. ML 542, 1G44 

vertiral lift spana, camlwring of, 762-764 

viaducts. 323 
Town, Ithiel, 15, 2Q 
Town truss. 20. 212 
Tracing cloth. 1387 
Tracing file, index for, 1410 
Tracings, filing of, 1396, 1409, 1410 
Track, 

adjustment of, for cu^^'atu^e, 13S 
breaking. 351 

crowning of roadways, 372. 373 

curvature, 

clearance diagrams for, 147 
effects of, lii2 
on chords, 14.''i 
on deck spans, 144 
on floor-lwams, 141 
equalising stresses for, 14fi 

driver for piles, 11115 

elevation, floors for, 348. 343 

fanning of, 5.37 

gauge, 355 

guard rails, 363^ 3M. 

humps, 131S 

protection piers, ."^64 

rails and their connections. See Rails. 

refuge bays, 361 

rcrailing frogs, 364. 

sags, 1212 

spacing, 355, 1639 

spikes. 362, 363 

spreiuling of, 537 

street railroads. 1636 

sjiperclcvation. .3.'>."> 

swing s|»ans, 1713, 1716 

tie-plates. »SVf Tie plates. 

ties. Sre Ties. 

tinilwr. quality of, .361 

vertical curves, i<56 

walkways, .'^('> I 
Traction bracing, .301. 1677 
Traction engine. lOSt 

weights of, 1 IH 
Tract i(jn frame."*. 209 
Traction lf)a(is. WL IM. 15L 1W3 

rciiiforced-concret*^ bridges, 95fi 

trestle tower.-?, effect of, l.">7 
Traffic, 

clri.-*Mcs »>f, .'^41 

falsework for carrying. 1849 
maintoiianro of. 1S08, 1762 

Trail Bridge over the C^olumbia River, B. C, 
73(>. 1026 

Tniin. 

falsework for carr>"ing, 1849 
loads, 31 

service, frequency of, 1608 
speed of, 133 



Train, 

thnist, 277. 541 

velocities, 132, 134 
Train sheds, 

arches for, 618 

cantilevers for, 569 
Training dykes, IQfiQ 
Tramways for construction, 339 

direct measurements from, 1466 
Transbordeurs, 670. 611 

author's proposed improvements in, 674 
Transferred load, 1662 

Transformation formula for weights of 

bridges, 1276 
Transportation methods, 34 
Transportation over Purchasers' lines, 1764 
Transporter bridges, 670. 671 

author's prop^).se<i improvements in, 674 
Transverse lateral strut connections, 2Q3 
Transverse loads, bending due to, 205 
Trap box, use of, 978 
Traveler, 1602 
Traverse lines, 1147 
Treadwell, Lee, 1463 
Treated timber, 77.'> 

for floors, 3fiG 
Treatment of employees, 1607 
Treatment of track timber, 361 
Tredgold, Thomas, U 
TrGmie, use of, 978 
Trestles, 534 

anchoring of towers, 210 

approaches. 1866 

Ix^nts, intermediate columns in, 541 
columns, stres.ses in, 1669 
combination of stresses, 250 
costs of, 777 
curves, sharp, ■''>40 
definition, .'VU 
designing, 251 
detiiils, 1683, 1684 

double-track railway, weights of metal in, 

1266- 1268 
economic layouts, 1269, 1270 
economics of, 1189 

electric railways, weights of mct&l in, 1269 

framed, 773. 775 

guard rails. 774 

highway, 1644 

inspection. 1460 

laying out. rtAT 

location of expan.sion points, 539 
pedestals, 512 
pile, 773 
railway, 1643 

origin. 2Z 
roinforced-concrete, .'>.'t6 

economic span lengths, 1327 
single-track railway, welghta of metal in. 

1267- 1263 
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fpstlcs, 
sliding joints, 539 
stfcl. 53fi 

economic span lengths, 1269, 1270 
timber for, 536. 773. 776 
timber, origin, 21 
towers, 

bracing, 533 

connecting of by girders, 538. 539 
effect of traction loading upon, L5Z 

weights. See Weights of Steel Super- 
structures. 

wooden, 530, 772, 773, 126 
riangular-lattice truss, 474. 415 
riaiigulur tru.s.ses, 24, 470, 471 

double-intersection. 408. 471 

stress coefficients. 172-174 
hatiKulatiuu, 1456 

checking, 1462 

correction of angles. 1461 

hubs, 1458. 1459 

ideal system, 1459 

locating piers, 1464 

records, 1461 
rrjUey poles, .tS4-W. 
n)lloy8 for lift sijans, 1707 
roubles in bridge maintenance, 1623 
rough floors. 330. 349, 1634 
rough plates. 41 
rough sections, milling of, 333 
roweliug, 1023 
runibull. Eari, 22 
ruDoatod cones of piers, 1300 
amnion type of bascules, 701 
"uss depths, 

economic, 1184 

excessive, 1176 
ruascs and truss bridges, 468 

batten plates. 5()"i 

camljcring, 333. 754. 7.'Wi 

chords. .SVf members. 

chords of lateral systems, 175 

continuous, 25, 482 

curved in plan, 1071 

curved top chords, 479. 480, 487. 488 

deflection, 23S 

depths for cantilever bridges, 532 

description. 4S'.) ^ 

detaihng, 492, 503-526 

diagonals. Sec menjbers. 

diagonals of lateral systems, 176. 177 

diaphragms. Ste Diaphragms. 

elements. 489 

end post. Sec members. 

ecjuivalent live loads, 168 

formul:e for weights, 1281 

gravity axes, 491 

gusset-plates. See Gussot-plates. 
liaiigers. .Sec members, 
hy brid, lh2 



Trusses and tni.ss bridges, 

lacing, 285-292. 503-505. 1678, 1679 
lateral Cfjuuections, 51KL 527. 532 
members (pin-connected trusHes), 526-531 

bottom chord, 521 

bottom lateral connections, 527 

built, 52fi 

chord sections, 52L 529. 53Q 
diagonals, 522 
oye-bars, 526, 522 
pin-packing, .'•,27-.'i29 
riveted connections, 522 
web-plates, 527-529 

end, 528, 52a 
. multiple, 527, 528 
members (riveted trusses), 490 
angles for box sections, 498. 499 
building up, 500-503 
central diaphragms, 498 
channel sections. 495. 496. 602 
built. 495, 4afi 
rolled, 495 
cover-plate, 498, 429 
depth, 4M 
details at joints, 518 
determination, 502. 503 

approximate radii gyration (table). 
5IM 

net section (table), 512 
[>oiut of contraflexure (diagram), 
22S 

diaphragms, 498, 506, 507, 531 
four-angle box section, laced, 498 
I-section, 493, 494, 425 
lacing. Sec Lacing, 
lateral connections, 503 
multiple punching, 503 
sections, 490 493. 5D2 

arrangement. 491. 492 

arrangement of angles, 492. 493 
deck spans, 492 
through spans, 493 

factors determining, 492, 496 

open-web riveted girders, 490, 421 

pony tru-sses, 490. 491 

typical, 420 
top chord and end f)ost, 498-500 

angles, 49<) 

box-section, 499 

centre' of gravity, equality in two 
directions, 499 

cover-plate, 498. 499 

radius of g> ration, approximate, 5Qi 
typical sei'tions. 490 
web-plates, 496-498 

between angles, 496, 497 

fuU depth, 426 

numl)er. 497 

sizes. 497, 42^ 
widths. 493, 42ii 
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Trusses and tmas bridges, 
multiple punchitiR, 503 
number of trusses per span. 483, 4M 
open-web riveted girders, 490. 4S11 
origin of, 12 
panel length, 481^ 423 
percentage of details, 1227, 1239-1241 
pins, 5.'j(). 531 
ixjny trusses, 490. 421 
posts. Ser members. 
Pratt, stress coefficients, 171 
riveted, 31 
rivets. See Rivets, 
shoes, 5,32, 533 
simple, longest, 25 
skew spans, 484-488 
skid girder, 533 
spacing of trusses, 483. 1638 
span length, 408 
splices. Ste Splices, 
stay-plates, 5Q5. 5QQ 
stress coefficients, 171. 177 
8ubdi^'ided panels, 480, 481 
swing-spans, details of design for, 1691 
top chord. See members, 
triangular, stress coefficients, 172. 174 
vertical end posts for through spans, 481. 

Warren, stress coefficients, 172-174 
web members. See members, 
weights of metal. See Weight of eteol 
suiierstructures. 
Trusses, types of, 

" (Waddell's). 408, 477 
naltimore. 24, 40S, 
Hollman. 40K, 472 
Burr. 11) 

( ameUback. 408, 47L 478 

dou!)lc-inter8ection triangular, 408. 471 

Fink. mL 472 

Howe, IIL 1^ 408x 472, 772 

liybri<l. 1S2 

" K." 16, 418 

Kellogg, 408. 477 

lattice, 474 

with polygonal top chord, 468. 476 
lenticular, 408, 474 
Long. 20 

Murphy- Whipple. 23 
piiralK>lic, 408. -174 
I'lU-ker. 24, 402 
IVgram, 408. 477 
IVrin.sylvania. 25, 409 
iVlit, 25, 208, 409. 470 
pony. 4<>8. 479 
Post. 23, 408, 473 
Pratt. 40ii 
radial. 4iiJi 
.S< hwe<ller. 408. 470 

single-intersection triangular, 408,470,471 



Trusses, types of 

subdivided triangular, 471 

Town lattice, 20, 772 

triangular, 24, 420. 471 

triangular lattice. 474. 475 

Warren, 24. 408, 472 

Whipple, 23. 468, 42fi 
Truth. 1155 

Tsinanfu (China) Bridge, 603 
Tubular bridges, 17^ 23 
Tuileries Bridge, 12 
TuUock, A. J.. 770 

Tunkhannock Crwk Viaduct. 11«9, llTl 
Tumbuckles, nuts, threads, and waehen, 
1785 

Turned bolts, 33L 1781, 1785 

Tumed-in flanges of channels, 339 

Turning drill pipe. 1102 

Turntable designing, QQl 

Twelfth Street Trafficway in Kansas City. 

848. 865. 924. 930. 942. 11« 
Twisted bars. 48 
Two-hinged arch. 626, 636 

temperature stresses in, 212 
Two-rivet connections, 276 
Tyrone Bridge, 605 
Tyrrell, Henry Grattan, Zlfi 

U 

Ugliness of bridges, 1156 
Ultimate strength, 265 
Unclassified work, 1484, 1878, 1884 

bills of, 1482 
Underpinning, 1530 
Uniform loads, plate girder spans, 

lengths of cover-plates, 443 

moments, shears, and . reactioos, H 
414 

Union Bridge and Construction Company, 
1072, 1513 

Unit prices of materials. 1354, 1355, 1SS9. 
1360 

Unit reaction method of computing li\>4utu: 

stresses, 169 
Unit stresses. 255. 1654, 1657. Se€ il< 

Tables for Designing, 
columns. 322 

forked ends or jaw plates. 3^ 
machinery. 1709-1712 
pins, bearing, and bending. 323. 'S2i 
rivets, bearing and shear. 325 
timber. 10-40. 10-17 
weights of materials. 1649 
Unite<l Statfs Arn»y Engineen' heariaiE' 
1142 

United States Government requirements ^ 
bridging naNngable waters. 1137 

United States map showing the annual raa^- 
fall and record run-offs, 1111 
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1 States Steel Corporation. 7& 

r.sal mill plates, straightoess of. 1415 

essary rivets. 5(X3 

(ported lengtlis of columns, 960 

i{)orted lengths of plate-girder flanges, 

loads. 9L 1660 
■ lateral systems, 405 
f piles for foundations, 

V 

ion, annual. 1608 
lion of materials furnished, 1480 
tion of work done, 1480 
of bridge engineers' services, 21 
le of English to the Technical Man," 

1573 
of pigment, 766 
irunt, Henry, 1160 
)rnum. Professor, 1059 
lium-carl)on steel, 82, 83 
?kel in, S5 

lium-chromium steel, 82 
lium steel, 84^ 8fi 
idges, costs of, 85 
idges, economics of, 8fi 
at-treated, M 
»A.4ibilities of, 91) 
rength of, 82 
anium in, 85 
l)lo clauses, 1741 

tion, permissible, in weight and gauge, 
1779 

ng of panel lengths, 1068 
■le for paint, 7fW^ 

ities of current, determination of, 1148 
itics of trains, 132. iru 
Cms and Pacific Railway Bridge, 
foundations, 9Ki 
cal curves, .356. 374 
cal end posts for through spans, 481 
cal lift bridges. 717-746 
Ivantages of, 746 
imbering of, 753. 761 
imbering of towers for, 762. 763. 764 
•inparison with bosculcii, 1208 
imparison with swing 8pans722, 1S08 
tunterbal ancing chains, 
ouping of, 744. 745 
lides for, 17S2 
8tory of, 717 
,'drauUc buffers for, 723 
ngest moviiblo span of, 737 
arhincr>* for. 1789 

ennsylvania Railroa<l Company at 

Chicago. 734^ 23fi 
•ovision for cantilever bracket loading, 

746 

all, IM 



Vertical lift bridges, 

Strauss, IM 

tabulation of, ZM 

unbalanced loads on, 722. 

wind loads for, 155 
Vertical loads on girder flanges, rivet pitches 
for, 436 

Vertical splice plates, main, design of, 451 
Vertical sway bracing, 401. 402. 404 
Vessel signals. 1801 
Vessels, loading metal on, 1766 
ViaducU, 338, 634 

columns, tops of, 33^ 

cross-frames, 238 

definition, 534 

girder depths, 32S 

highway, 1686 

tower-girders, 339 

towers, 32S 
Viaur Viaduct (France), 63L fi32 
Vibration, 

effect of, 253 

formula, Robinson's, 124 

loads. 140, 155, 1653 
Victoria bridge, 23 
Void drawings, 1890, 1396 
Voids, percentage of, 1467, 1468 
Volatilization test for asphalt, 1820 
" Volume of Layout," 1338 
Von Empcrger, F., 18, 2S 

w 

WaddeU, J. A. L. 

"A" truss, 468. 477 
formula for impact, 122 
WaddeU, Montgomery, types of bascules, 

711. 712. 115 
Waddell. N. Everett, 783, 1893 
WaddeU, R. W., 1893 
WaddeU A Harrington bascule, 70^711 
Wages, rates of, 1766 
Wagner, Samuel Tobias, 351 
Wagons, weights of, 118 
Waikato River Arch Bridge at Cambridge, 

New Zealand, 638 
Waikato River Arch Bridge at HamUton, 

New Zealand, 62L 629, fi38 
Wakefield sheet piling, 975. 1013 
Walker, W. R., Ifi 
Walkway!. 3G1 
Walkways and stairs, 1734 
Walls, 

double-shaft piers, 1052 
footings. 837 

calculation of stresses in, 861 
designing of, 939 
retaining, 1(J31, 1032. See Retiuuing 
waUs. 

Wandi|)ore, Til>ct, cantilever bridge, I 
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War Department, 

approval of bridge plans. 1140 

requiremonta for clear headway, 1143 

requirements for openings of movable 
spans, 1143 
War, effect of upon contracts. 1682 
Warning contractors, 1615 
Warren truss. 24^ 468^ 422 

stress coefficients, 172-174 
Wash borings, 1093 

equipment for. 1094 
Washing of sand. 1044 
Washout, danger of, 749 
Washout of falsework. 1301 
Watchman for boring outfit, 1105 
Water, weight of, Qfi 
Water-jets, 1015 

driWng piles, data for, IQ18 

nojszles for, IQlfi 
Water-pipes, carrying of, 1076, 1843 
Waterford Bridge over the Hudson, 19 
Waterproofing, 769, 847, 1348 

floors, 35L 352, MSk 
Waterway, 

areas, 

determination of, 1109 

example of, 11S2 
formulse, 1113 
Wattled piling, 1DQ3 
Wave action, 1D&9 
, Wayss, 18 

Wearing floor. 3fifi 

Wearing of joints in pin-connected bridges, 

749. 750 
Wearing surfaces, 

asphalt pavement, 1814 
plank floors, '.iVid 
wood-block floors, 3fl& 
Web, 

compound, 5QQ. 
dumb-bell piers, 1052 
plates, plate-girders, 410-421 
depth of, 4HL 42Q 
design of, 4H>-421 
splices, 42Q 

stress distribution, 42Q 
splices, plate-girders, 301. 447—452 
design, 450-452 
loads, 44L 

types, comparison of, 447—449 

thickening of, li'A'.i 
Web reinforcement for rein forced-concrete 

constructions, 962 
Wedges for sning spans, 696, 1717 

niachinerj* for. 1724 
Weekly charts of progress, 1486 
Weekly reports, 1486 
Weepers, 1032 
Weights, 

asphalt pavement, 95 



Weights. 

brick pavement. 95 

bridges, illustrative examples for finding. 
1S9S 

broken stone, Qfi 
cattle. UI 
compacted stone, 96 
concrete, 95 
deformed bars, 799 
details of steel bridges, 283 
earth, M 

material in stiffening trumpm of saspen- 

sion bridges, 656. 652 
materials, 1649 

member, bending due to weight of, 205^ 
252 

metal, computation of. 1877 

metal, estimates of, 219 

metal in cantilever bridges, 581-583 

nickel steel in bridges, 01 

people, IDS 

permissible variatbn in. 1779 
rails. 05 

road rollers, US 

round and square bars, 799 

steel, 96 

steel cables. 96 

steel superstructures. See Weights of st<*l 
superstructures, carbon steel ana 
nickel and alloy steels. 

swing spans, 69S 
. tenders, IQQ 

timber, 95 

traction engines. 118 

truss members, bending due to weight of, 

1661 
wagons. 118 
water. 96 

Weights of steel superstructures — carbon 
steel. 

arches. 

plate- girder arrh ribs — author's for- 
muUe. 6.39 

open-webbed riveted — author** Ux- 
mulcB, 641 

open- webbed riveted — Kunz's f Ca- 
milla. Qi2 
cantilevers — double-track Railway. 

trusses and lateral s>-stoms of canT>- 
lever arms and anchor arm*. r»>3 

tj-pe "A." (Set page 1271.) 

floor system, laterals, and on jyien. 
1272 

pin-connected spans — trusses aod 

total metal, 1276 
riveted spans — trusses and tt.tal 
metal, 1273 
type " B." (See page 1271.) 

floor system, laterals, axKi on pam, 
1277 
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Weights of steel superstnicttiree — carbon 
steel, 

cuntilfvers — double-track railway, 
type •' B." 

pin-connected spans — trusses and 

total metal, 1279 
riveted spans — trusses and total 
metal. 1S78 
type •* C." (See page 1271.) 

floor system, laterals, and on piers, 
1880 

pin-connected spans — trusses and 

total metal, 1282 
riveted spans — trusses and total 

metal, 1281 
type "D." (See page 1271.) 

floor s>'xtem, laterals, and on piers, 

1283 

pin-connocted spans — trusses and 

total metal. 1285 
riveted spans — trusses and total 

metal, 1284 
I-beam spans, single-track railway, 

1220 

lacing, 

angle, 2SS 
bar, 2SI 
pin-connected through trusses, 
metal on piers, 1267 
Petit trusses, one truss, 1258 
Pratt trusses, one truss, 1255 
railway, double-track* 
Petit trusses, 

floor sj'stem, laterals, and on 

piers, 1247 
trusses and total in spans, 1248 
Pratt tru».*»e8, 

floor system, laterals, and on 

piers. 1244 
trusses. 1245 
totiil in span, 1246 
r^way, single track, 
flnor system. 1233 
laterals and on piers, 1223 
Petit tnissos — -trusses and total in 

span. 1236 
Pratt trusses — trusses, 1234 
' Pratt trusses — total in span, 

1235 
{>Iate-girdcrs, 

deck, single-track-rai'way — total in 

span, 1221 
half-through, dfjuhle-track, railway— 
I total in spun, 1237 

half-through, single-truck-railway — 

total in s])nn, 1222 
riveted end-connections, one girder, 
1250 

xhrcted, deck, Pratt trustioa, motal in one 
truss, 1253 
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"Weighta of steel BUperstmctures— carbon 
steel, 

riveted, deck, single-track-railway Pratt 
tmsfles, 
details, 1225, 1239 
floor sj'stem. 1229 
laterals. 1230 
met-al on piers, 1230, 1267 
total in span, 1232 
trusses. 1231, 1253 
riveted through trusses, 
details, 1225 
on piers, 1257 

light highway — one truss. 1254 
Petit tru8.ses — one truss, 1252 
Pratt trusses — one truss, 1251 
railway, double-track. 
Petit trusses, 

floor system, laterals, and on 

piers, 1242 
trusses and total in span, 
1243 
Pratt trusses, 

floor system, 1238 
laterals and on piers, 1239 
total in span, 1241 
truss details, 1239 
trusses, 1240 
railway', single-track, 
floor system, 1224 
laterals and on piers, 1223 
Petit trusses — trtisses and total in 

span, 1228 
Pratt tnisses — trusses, 1226 
Pratt trus.ses — total in span, 1227 
truss details, 1225 
8usp>ension bridges, 

stiffening trus.ses, 651. 652. 654 
floor system, fi.'S.'^ 
swing spans. 1242-1249 
trestles, 

electric railwaj", approximate method, 
1269 

double - trr.ck - railway, approximate 

method, 1266 
single-track-railway, 

type L (.So€ page 1258.) 

girders and girder bracing, 
1258 

total for economic layouts, 1262 
tower bracing, 1260 
tower columns, 1261 
type IT. (Sec page 1264.) 

girders and girder bracing, 1264 
one bent, 1265 
one tower, 1266 

totAl for economic layouts, 1270 
towers and bents. 1267-1269 
transformation formula^, 
floor system, 1286, 1288 
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Weighta of steel superstructures — carbon 
steel, 

transformation formuls, 
lateral Hystcm, 1S83, 1889 
trusses. 

fomiulffi for weights, 1S87 
variation in loadings, 1S87, 
1188 

variation in material, 1S88-1S91 
variation in span length, 128€» 

1191. 1891 
N'ariation in unit stresses, 1188- 

1191 

Weight of steel superstructures — nickel steel 
and alloy steel, 
cantilever bridges, 

double-track railway — total in bridge, 

probable total for very long spans, 
fiZ 

single span bridges, double-track-railway, 

total in spans, 62^ 7& 
transformation formuls. See Weights 
of steel superstructures — car- 
bon steel. 

Wellington's pile formulae, IQQQ 

Wells, filling of. QJlfi 

Wells of caissons faces of, 9SZ 

Wentworth's formula, 1113 

Wernwag, 15 

Westminster Bridge, 12 

Weston. C. V., 56Z 

Weyrauch, 15 

Wheeling suspension bridge. 21 

Wheel-load method of stress computation, 

160. ic: 

Whipple. Squire. 15, 22, Z12 
Whipple truss, 408 42& 

origin of. 23. 
White. IL V. Q21 
White and Hazard, 21 
Wide-logged connecting angles, 2QQ 
Wide plates, extra cost of, 221 
Widths. 

arches, 637 

bridges, standard, 332 

cover-platt»8. 498 

minimum for cantilever bridges. 5IQ 
Wilkinson, lis 

Willamette River Lift Bridge. Portland, 
Ore.. miL 22a 
lowering caissons of, 1067 
Williams. J. P. J.. 215 
Williamsburg Bridge. 27, fi5fi 
WilUot diagram. 182, IHL 220, 239, 243, 245, 

WUUot-Mohr diagram, 239, 245, 24G 
WUson. W. N.. 212 

Wind loads. 149. 956, 1681-1683, 1688. 1689 
bascules, 166 



Wind loads, 

combined highway and raQway bridp 

152. IM 
effects on bridges, 155. 489 
highway and electric-railway bridj; 

152. 1658 
indirect, 1688 

intensities of working stresses for, 162 

movable bridges. 154 

railroad bridges. 1681 

reinforced-concrete bridges, 95fi 

swing spans, 154^ 1688, 1689 

vertical lift bridges, 155 
Wind pressure, formula for, 149. 15Q 

inclined surfaces. 15Q 
Wind strenes. 152, 1376 
Wing abutments, volumes of, 1314-1317 
Winner Bridge, 123 
Wire, 5Q 

mesh, 269 

netting. 2fl9 

ropee, 49^, 96, 3iQ 

bending stresses in, 311. 171S 
cables for swing spans, 1718 

socket* for, aiL lUL 1789 , 
tables of, 310=313 , 
Wiring. 1706 | 

for electric power, 1795 ^ i 

Withdrawal of tender, 1881 
Witness to signatures, 1886 ' 
Wolf el. Paul L., 203, 32L 339, 596, 014 
Wood-bbck pavement, 3fifi 308 

bases, 308 

cushions, 36S 

fillers. 3ii& 
Wooden bridges, 52, 772 

advantages, 777. 778 i 

floor systems. 773 

renewals, 775 
Wooden caissons, designing of, 1004 
Wooden piles and pile driving, 1885 
Wooden trestles. 636i 772^ 773, ZZfi 

costs, 777 

railway, origin of, 22 
Work, 

foreign countries, 1583 

other contractors. 1765 

starting of, 1884 i 
Work done, valuation of, 1480 1 
Working chamber, 104.S || 

batters. 988 

roof, 104H i 

stepping off, 988 
Working druwnngs, 1380, 1769 
Working stresses. See also Tables fot 
signing. 

compression members, 259, 310 
diversities in, 2fiQ 

intensities of, 120, 255, 26L 1654-f ' 
machinery, 1709 
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Working atrefls*^. 

nickel stwl 2( '2 

reinforeed-coiu rote, 204 

reinforcod-conm^te bridgeH, 0/^7 

8ubstructuro tuateriaLs, 2t!hi 

Umber, 263, 265, 1666 
Work-shop trusses, cantilevers for, 562 
Workmanship and materials, 176S 

electrical, 1792 

inspection of, 1412 
W^orm gears, 1717 

Womall Toiad Bridge. Kansas City. 1169 



Worthington, Charles. 622, 62a 
Wrought iron, 42 

effect of on bridge construction, 13 

inten^ties for, 251 
WUnsch. IS 

Y 

Year-plates, 1786 

Yellowstone River Lift Bridge for Great 

Northern Railroad. 737. 738 
Yelm, C. W.. 793, 865 
Young. C. R., 1209 
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